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(57) ABSTRACT 

Making the relative Size of the Surface area of a bump 
electrode at a portion in contact with an under electrode 
larger than the Surface area of a base of a hole increases the 
contact Surface area between the lower Surface of the bump 
electrode and a polyimide layer. As a result, effect by the 
polyimide layer to mitigate the impact loads applied during 
bonding greatly increases. The impact loads applied during 
bonding can also be mitigated by using a material for the 
conductive layer that is as flexible as, or even more flexible 
than, the material of the bump electrode. It is therefore 
possible to reduce cracks in Semiconductor chips or the like 
directly under the bump electrode more efficiently. 
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SEMCONDUCTOR DEVICE AND METHOD OF 
MANUFACTURING THE SAME 

0001 Japanese Patent Application No. 2003-350953, 
filed on Oct. 9, 2003, is hereby incorporated by reference in 
its entirety. 

BACKGROUND OF THE INVENTION 

0002 The present invention relates to a semiconductor 
device having a bump electrode and a method of manufac 
turing the same. 
0.003 Bump electrodes are generally formed in the art at 
positions around the chip periphery at which Semiconductor 
chips are not formed. The chip is bonded by means Such as 
thermal pressure by tape automated bonding (TAB) tech 
niques, by way of example. With TAB, there is a possibility 
of a crack of the chip in the vicinity of the underneath of the 
bump electrodes, due to Stresses imparted to the chip 
through the bump electrodes during the thermal pressure. 
The general procedure is therefore to form the bump elec 
trodes 8 for bonding so that they are disposed around the 
periphery of the chip, and not form and bump electrodes in 
a region 10 in which the Semiconductor chips are formed 
(the active surface), as shown by way of example in FIG. 10. 
If bump electrodes are formed around the periphery of the 
chip, however, the Surface area increases and a technical 
problem arises in that it is not possible to make the chip 
Smaller. 

0004) To prevent a crack of such a chip in this case, 
techniques are known of providing the Semiconductor 
device with a buffer material for mitigating thermal Stresses 
and impact StreSSes due to the heating and impact applied 
during the bonding (Japanese Patent Laid-Open No. 
5-55228 and Japanese Patent Laid-Open No. 6-151436). The 
configuration of the bump electrode of Japanese Patent 
Laid-Open No. 5-55228 is shown in FIG. 12. 
0005 First there is a silicon substrate 21 on which is 
formed aluminum wiring (an electrode) 22. A Silicon nitride 
film (insulating protective layer) 23 is formed thereabove, to 
protect the electrode. An aperture portion 26 is formed in the 
Silicon nitride film 23, extending as far as the aluminum 
wiring 22. A polyimide film 25 is formed over the silicon 
nitride film 23 as a buffer layer. An aperture portion 27 is 
formed in the polyimide film 25, extending as far as the 
aluminum wiring 22. The aperture portion 27 formed in the 
polyimide film 25 is formed on the inner side of the aperture 
portion 26 in the silicon nitride film 23. The side surface of 
the aperture portion 26 is therefore covered by the polyimide 
film 25. A titanium film 24 is formed over the polyimide film 
25, the side surface of the aperture portion 27, and the 
aluminum wiring 22 as an under electrode. A copper film 30 
is formed over the titanium film 24. A copper plated film 28 
is formed over the copper film 30; A gold plated film 29 is 
formed over the copper plated film 28. 
0006. A bump electrode 31 that is formed of this gold 
plated film 29 and the copper plated film 28 is subjected to 
bonding loads due to forces Such as thermal pressure during 
the bonding, but the polyimide film 25 can act as a buffer 
layer to mitigate StreSSes applied during the bonding to the 
lower surface of the bump electrode 31 that is in contact 
therewith through the titanium film 24. As a result, it is 
possible to prevent a crack of the silicon nitride film 23 that 
acts as the insulating protective film, enabling a reduction in 
damage to the chip. 
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0007 Japanese Patent Laid-Open No. 6-151436 has a 
bump electrode of a mushroom shape that is similar to that 
of Japanese Patent Laid-Open No. 5-55228, where a poly 
imide is formed as a buffer film in a cavity portion of this 
umbrella shape. The effect of this configuration of the bump 
electrode also makes it possible to prevent a crack of the 
protective insulating film of the electrode, in a similar 
manner to Japanese Patent Laid-Open No. 5-55228. 
0008 However, there is a danger in the configurations of 
both Japanese Patent Laid-Open No. 5-55228 and Japanese 
Patent Laid-Open No. 6-151436 that the fat “neck” portion 
of the mushroom shape could cause a crack of the elements, 
even though the buffer film mitigates impact loads due to 
factorS Such as thermal pressure during bonding. If the 
material of the neck portion of the bump electrode has a 
hardneSS on the order of copper the impact loads applied 
during bonding are even more likely to be transferred 
directly to the elements. 
0009. In addition, the manufacturing method of Japanese 
Patent Laid-Open No. 5-55228 necessitates an extra step of 
forming a photoresist film when forming the aperture por 
tion 26 or the aperture portion 27 in the polyimide film 25 
that acts as a buffer film of the silicon nitride film 23 that 
protects the electrode. 

BRIEF SUMMARY OF THE INVENTION 

0010) A first aspect of the present invention relates to a 
Semiconductor device including: 

0011 a semiconductor substrate having an elec 
trode, 

0012 a protective insulating layer which protects 
the electrode, 

0013 a buffer layer formed over the protective insu 
lating layer, 

0014 a hole provided over the electrode in such a 
manner as to penetrate the protective insulating layer 
and the buffer layer; 

0015 an under electrode formed over a surface of 
the buffer layer, an inner Surface of the hole, and a 
Surface of the electrode, 

0016 a conductive layer of an electrically conduc 
tive material which is formed in the hole; and 

0017 a bump electrode formed on the under elec 
trode and on the conductive layer, 

0018 wherein the electrically conductive material is 
a material that is more flexible than a material of the 
bump electrode. 

0019. A second aspect of the present invention relates to 
a Semiconductor device including: 

0020 
trode, 

0021 a protective insulating layer which protects 
the electrode, 

0022 a buffer layer formed over the protective insu 
lating layer, 

a Semiconductor Substrate having an elec 
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0023 a hole provided over the electrode in such a 
manner as to penetrate the protective insulating layer 
and the buffer layer; 

0024 an under electrode formed over a surface of 
the buffer layer, an inner Surface of the hole, and a 
Surface of the electrode, 

0025 a conductive layer of an electrically conduc 
tive material which is formed in the bole; and 

0026 a bump electrode formed on the under elec 
trode and on the conductive layer, wherein the ratio 
of a Surface area of the bump electrode at a portion 
in contact with the under electrode and the conduc 
tive layer to a Surface area of a base of the hole is 
greater than or equal to 5 and less than or equal to 
100. 

0027. A third aspect of the present invention relates to a 
Semiconductor device including: 

0028) 
trode, 

0029 a protective insulating layer which protects 
the electrode, 

0030) a buffer layer formed over the protective insu 
lating layer, 

0031 a hole provided over the electrode in such a 
manner as to penetrate the protective insulating layer 
and the buffer layer; 

0032 an under electrode formed over a surface of 
the buffer layer, an inner Surface of the bole, and a 
Surface of the electrode, 

0033 a conductive layer of an electrically conduc 
tive material which is formed in the hole; and 

0034) a bump electrode formed on the under elec 
trode and on the conductive layer, 

0035) wherein the ratio of the thickness of the buffer 
layer with respect to the diameter of the hole is 
greater than or equal to 1 but less than or equal to 3. 

a Semiconductor Substrate having an elec 

0036) A fourth aspect of the present invention relates to 
a method of manufacturing a Semiconductor device includ 
ing: 

0037 forming a protective insulating layer for pro 
tecting an electrode, on a Semiconductor Substrate 
having the electrode, 

0038 forming a buffer layer over the protective 
insulating layer; 

0039 forming a hole in the protective insulating 
layer and the buffer layer over the electrode; 

0040 forming an under electrode layer over the 
surface of the buffer layer, the inner surface of the 
hole, and the electrode, 

0041 forming a pattern mask which defines a region 
for forming a bump electrode on the under electrode 
layer; 

0042 continuously forming a bump electrode and a 
conductive layer by a plating method in a region for 
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forming the bump electrode and in the inner Surface 
of the hole, respectively; and 

0043 removing a part of the under electrode layer, 
to form an under electrode. 

0044) A fifth aspect of the present invention relates to a 
method of manufacturing a Semiconductor device including: 

0045 forming a protective insulating layer for pro 
tecting an electrode, on a Semiconductor Substrate 
having the electrode, 

0046 forming a photosensitive polyimide layer as a 
buffer layer over the protective insulating layer; 

0047 forming a hole in the photosensitive polyim 
ide layer by photolithography; 

0048 using the photosensitive polyimide layer as a 
mask to remove the protective insulating layer to 
form a hole, 

0049 forming an under electrode layer over the 
surface of the buffer layer, the inner surface of the 
hole, and the electrode, 

0050 forming a pattern mask which defines a region 
for forming a bump electrode on the under electrode 
layer; 

0051 continuously forming a bump electrode and a 
conductive layer by a plating method in a region for 
forming the bump electrode and in the inner Surface 
of the hole, respectively; and 

0052 removing a part of the under electrode layer, 
to form an under electrode. 

0053 A sixth aspect of the present invention relates to a 
method of manufacturing a Semiconductor device including: 

0054 forming a protective insulating layer for pro 
tecting an electrode, on a Semiconductor Substrate 
having the electrode, 

0055 forming a buffer layer over the protective 
insulating layer; 

0056 forming a hole in the protective insulating 
layer and the buffer layer over the electrode; 

0057 forming an under electrode layer over the 
surface of the buffer layer, the inner surface of the 
hole, and the electrode, 

0058 forming a conductive layer in the hole by an 
electrically conductive material that is more flexible 
than a material of a bump electrode after the forma 
tion of the under electrode layer; 

0059 forming a pattern mask which defines a region 
for forming a bump electrode on the under electrode 
layer; 

0060 forming a bump electrode over the under 
electrode layer and the conductive layer; and remov 
ing a part of the under electrode layer, to form an 
under electrode. 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWING 

0061 FIGS. 1A to 1D are schematic sections illustrating 
Steps in the manufacture of a Semiconductor device in 
accordance with a first embodiment of the present invention; 
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0.062 FIGS. 2A to 2C are schematic sections illustrating 
Steps in the manufacture of a Semiconductor device in 
accordance with the first embodiment; 

0063 FIGS. 3A and 3B are schematic sections illustrat 
ing Steps in the manufacture of a Semiconductor device in 
accordance with the first embodiment; 

0.064 FIG. 4 is a schematic section illustrating a step in 
the manufacture of a Semiconductor device in accordance 
with the first embodiment; 

0065 FIGS. 5A to 5C are schematic sections illustrating 
Steps in the manufacture of a Semiconductor device in 
accordance with a Second embodiment of the present inven 
tion; 

0.066 FIGS. 6A to 6C are schematic sections illustrating 
Steps in the manufacture of a Semiconductor device in 
accordance with the Second embodiment; 

0067 FIGS. 7A to 7C are schematic sections illustrating 
modifications of the Semiconductor device in accordance 
with the present invention; 

0068 FIG. 8 is a schematic plan view of the disposition 
of bump electrodes formed on a Semiconductor device in 
accordance with an embodiment of the present invention; 
0069 FIG. 9 is a schematic plan view of a projection and 
depression in the bump electrode Surface in accordance with 
this embodiment; 

0070 FIG. 10 is a schematic plan view of the disposition 
of bump electrodes formed on a conventional Semiconductor 
device; 

0071 FIG. 11 is a schematic plan view of a projection 
and depression in the conventional bump electrode Surface; 
and 

0.072 FIG. 12 is a schematic section through the struc 
ture of a conventional bump electrode. 

DETAILED DESCRIPTION OF THE 
EMBODIMENT 

0073. An embodiment of the present invention may pro 
vide a Semiconductor device and a method of manufacturing 
the Same that make it possible to efficiently SuppreSS any 
crack of Semiconductor chips that exist under the active 
Surface during bonding by preSSure, Such as thermal pres 
Sure, even when bump electrodes are disposed on the active 
Surface of the chip. 

0.074. A semiconductor device according to an embodi 
ment of the present invention includes: 

0075 a semiconductor Substrate having an elec 
trode, 

0076 a protective insulating layer which protects 
the electrode, 

0077 a buffer layer formed over the protective insu 
lating layer, 

0078 a hole provided over the electrode in such a 
manner as to penetrate the protective insulating layer 
and the buffer layer; 
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0079 an under electrode formed over a surface of 
the buffer layer, an inner Surface of the hole, and a 
Surface of the electrode, 

0080 a conductive layer of an electrically conduc 
tive material which is formed in the hole; and 

0081 a bump electrode formed on the under elec 
trode and on the conductive layer, 

0082 wherein the electrically conductive material is 
a material that is more flexible than a material of the 
bump electrode. 

0083. By forming the conductive layer between the bump 
electrode and the electrode of the Semiconductor Substrate of 
a material that is more flexible than that of the bump 
electrode, this configuration makes it possible to mitigate 
impact loads applied during bonding by a Synergistic effect 
between that flexible conductive layer and the buffer layer 
formed over the protective insulating layer. It is therefore 
possible to efficiently Suppress a crack of any Semiconductor 
chips or the like, even if they are formed directly under the 
bump electrode. 
0084. A semiconductor device according to an embodi 
ment of the present invention includes: 

0085 a semiconductor substrate having an elec 
trode, 

0086 a protective insulating layer which protects 
the electrode, 

0087 a buffer layer formed over the protective insu 
lating layer, 

0088 a hole provided over the electrode in such a 
manner as to penetrate the protective insulating layer 
and the buffer layer; 

0089 an under electrode formed over a surface of 
the buffer layer, an inner Surface of the hole, and a 
Surface of the electrode, 

0090 a conductive layer of an electrically conduc 
tive material which is formed in the hole; and 

0091 a bump electrode formed on the under elec 
trode and on the conductive layer, 

0092 wherein the ratio of a surface area of the bump 
electrode at a portion in contact with the under 
electrode and the conductive layer to a Surface area 
of a base of the hole is greater than or equal to 5 and 
less than or equal to 100. 

0093. By making the surface area of the bump electrode 
at a portion in contact with the under electrode larger than 
the Surface area of the base of the bole, the effect of 
mitigating impact loads applied during bonding increases 
Since the Surface area of the contact between the lower 
surface of the bump electrode and the buffer layer has been 
increased. It is therefore possible to Suppress a crack of any 
Semiconductor chips or the like, even if they are formed 
directly under the bump electrode. If the bump electrode is 
formed by a method Such as plating, a depression may be 
formed in correspondence to the dimensions of the hole 
positioned over the hole in the bump electrode Surface, but 
Such a depression would account for only a Small proportion 
of the bump electrode surface. Thus the flatness of the bump 
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electrode Surface is improved and the Surface area of bond 
ing during the thermal preSSure bonding is increased, 
increasing the bonding Strength. The pressures applied dur 
ing thermal preSSure can be relatively reduced by the 
increase in the boding Surface area due to the flatness of the 
bump electrode, which also helps reduce the impact applied 
to the chip. 
0094. A semiconductor device according to an embodi 
ment of the present invention includes: 

O095 
trode, 

0096 a protective insulating layer which protects 
the electrode, 

0097 a buffer layer formed over the protective insu 
lating layer, 

0098 a hole provided over the electrode in such a 
manner as to penetrate the protective insulating layer 
and the buffer layer; 

0099 an under electrode formed over a surface of 
the buffer layer, an inner Surface of the hole, and a 
Surface of the electrode, 

0100 a conductive layer of an electrically conduc 
tive material which is formed in the hole; and 

0101 a bump electrode formed on the under elec 
trode and on the conductive layer, 

0102 wherein the ratio of the thickness of the buffer 
layer with respect to the diameter of the hole is 
greater than or equal to 1 but less than or equal to 3. 

a Semiconductor Substrate having an elec 

0103) If the ratio of the thickness of the buffer layer to the 
diameter of the hole is greater than or equal to 1, in other 
words, if the thickness of the buffer layer is greater than the 
length of the base Surface of the hole, this configuration 
would make it possible for the buffer layer to sufficiently 
mitigate the impact loads applied during bonding. In addi 
tion, increasing the ratio of the thickness of the buffer layer 
to the diameter of the hole enables a relative thinning of the 
conductive layer. If the electrically conductive material of 
the conductive layer is a metal, by way of example, the 
expansion thereof can be increased by making the shape 
thinner. As a result, not only can it withstand impact Stresses, 
it also increases the effect of absorbing other Stresses. If the 
ratio of the thickness of the buffer layer to the diameter of 
the hole is less than or equal to 3, and the under electrode on 
the inner Surface of the hole is formed by a method such as 
Sputtering, this would have the effect of Stabilizing the Step 
of forming that under electrode. 
0104. With any of the above semiconductor devices the 
hole and the conductive layer may be formed at Substantially 
a center of the bump electrode. 
0105. This configuration nearly prevent the conductive 
layer from being non-uniformly applied bonding loads of the 
bump electrode due to factorS Such as thermal pressure 
during bonding, So that loads are transferred in a Substan 
tially axial direction. The resistance with respect to bonding 
load can therefore be increased, making it possible to 
perform stable bonding. 
0106 With any of the above semiconductor devices, the 
buffer layer may be of a photosensitive polyimide. 
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0107 Since this configuration makes it possible to use the 
buffer layer formed of photosensitive polyimide as a photo 
mask in the Step for forming the conductive layer, thus 
enabling a reduction in the photolithography Steps. This 
therefore has the advantage of reducing manufacturing 
COStS. 

0108. With any of the above semiconductor devices, the 
electrically conductive material formed in the conductive 
layer may be formed of the same material as a material of the 
bump electrode. 
0109 Since the conductive layer and the bump electrode 
can be formed continuously, this configuration makes it 
possible to shorten the manufacturing process. 

0110. With any of the above semiconductor devices, the 
electrically conductive material may be a material that is 
more flexible than a material of the bump electrode. 
0111. This configuration makes it possible to efficiently 
absorb stresses during bonding, by making the electrically 
conductive material of the conductive layer more flexible 
than the material of the bump electrode. 
0.112. With any of the above semiconductor devices, the 
bump electrode may be formed of gold or a gold alloy. 

0113. Since gold or a gold alloy is a material with 
Superior flexibility, this configuration makes it possible to 
efficiently absorb stresses during bonding when the conduc 
tive layer has been made of the same electrically conductive 
material as the bump electrode. In addition, Since this is a 
chemically stable Substance, it has the advantage of Super 
lative environment-proofing. 

0114. A method of manufacturing a semiconductor 
device according to an embodiment of the present invention 
includes: 

0115 forming a protective insulating layer for pro 
tecting an electrode, on a Semiconductor Substrate 
having the electrode, 

0116 forming a buffer layer over the protective 
insulating layer; 

0117 forming a hole in the protective insulating 
layer and the buffer layer over the electrode; 

0118 forming an under electrode layer over the 
surface of the buffer layer, the inner surface of the 
hole, and the electrode, 

0119 forming a pattern mask which defines a region 
for forming a bump electrode on the under electrode 
layer; 

0120 continuously forming a bump electrode and a 
conductive layer by a plating method in a region for 
forming the bump electrode and in the inner Surface 
of the hole, respectively; and 

0121 removing a part of the under electrode layer, 
to form an under electrode. 

0.122 Since the conductive layer and the bump electrode 
are formed continuously of the same material, the manufac 
turing proceSS can be simplified. It is therefore possible to 
reduce the manufacturing costs. 
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0123. A method of manufacturing a semiconductor 
device according to an embodiment of the present invention 
includes: 

0.124 forming a protective insulating layer for pro 
tecting an electrode, on a Semiconductor Substrate 
having the electrode, 

0.125 forming a photosensitive polyimide layer as a 
buffer layer over the protective insulating layer; 

0.126 forming a hole in the photosensitive polyim 
ide layer by photolithography; 

0127 using the photosensitive polyimide layer as a 
mask to remove the protective insulating layer to 
form a hole; 

0128 forming an under electrode layer over the 
surface of the buffer layer, the inner surface of the 
hole, and the electrode, 

0.129 forming a pattern mask which defines a region 
for forming a bump electrode on the under electrode 
layer; 

0.130 continuously forming a bump electrode and a 
conductive layer by a plating method in a region for 
forming the bump electrode and in the inner Surface 
of the hole, respectively; and 

0131 removing a part of the under electrode layer, 
to form an under electrode. 

0.132. By forming the buffer layer of a photosensitive 
polyimide, this method makes it possible to open up the 
buffer layer by exposure and development in a photolithog 
raphy Step performed on the photoSensitive polyimide. This 
photoSensitive polyimide can also be used as a mask in a 
Step of opening the protective insulating layer by a method 
Such as etching. Since the conductive layer and the bump 
electrode are formed continuously of the same material, the 
manufacturing process can be further simplified. 
0133) A method of manufacturing a semiconductor 
device according to an embodiment of the present invention 
includes: 

0.134 forming a protective insulating layer for pro 
tecting an electrode, on a Semiconductor Substrate 
having the electrode, 

0.135 forming a buffer layer over the protective 
insulating layer; 

0.136 forming a hole in the protective insulating 
layer and the buffer layer over the electrode; 

0.137 forming an under electrode layer over the 
surface of the buffer layer, the inner surface of the 
hole, and the electrode, 

0.138 forming a conductive layer in the hole by an 
electrically conductive material that is more flexible 
than a material of a bump electrode after the forma 
tion of the under electrode layer; 

0.139 forming a pattern mask which defines a region 
for forming a bump electrode on the under electrode 
layer; 

0140 forming a bump electrode over the under 
electrode layer and the conductive layer, and 
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0141 removing a part of the under electrode layer, 
to form an under electrode. 

0142. This method makes it possible to efficiently absorb 
Stresses during bonding, by making the electrically conduc 
tive material more flexible than the material of the bump 
electrode. 

0.143 An essential point of embodiments of the present 
invention is that the is electrically conductive material is an 
electrically conductive resin. 
0144. Since the electrically conductive material is an 
electrically conductive resin, this method has the effect of 
further increasing the StreSS mitigation by the electrically 
conductive material, in comparison with the use of a metal, 
by way of example. 

0145. In an embodiment of the present invention, the 
buffer layer is formed of a photoSensitive polyimide, and a 
hole is formed in the photosensitive polyimide by photoli 
thography and also the photoSensitive polyimide in which 
that hole is formed is used as a pattern mask to form the hole 
in the protective insulating layer, during the Step of forming 
the hole. 

0146 By forming the buffer layer of a photosensitive 
polyimide, this method makes it possible to open up the 
buffer layer by exposure and development in a photolithog 
raphy Step performed on the photoSensitive polyimide. Since 
that photoSensitive polyimide can be used as a mask for the 
opening of the protective insulating film and also the Step of 
etching, it enables a simplification of the manufacturing 
proceSS. 

FIRST EMBODIMENT 

0147 A first embodiment of the present invention is 
described below with reference to FIGS. 1 to 4, 8, and 9. 
0.148. A section through a semiconductor substrate on 
which is formed an electrode is shown in FIG. 1A. Semi 
conductor chips Such as transistors (not shown in the figure) 
and electrical wiring 1b that is connected to those Semicon 
ductor chips is formed within a Semiconductor Substrate 1. 
An electrode 1a is formed on the Surface of the Semicon 
ductor Substrate 1. The shape of the electrode 1a is Square, 
with the length of one side being 50 to 100 um. The 
electrode 1a is made of aluminum. 

0149. A sectional view illustrating a step of forming a 
protective insulating layer on the Semiconductor Substrate 1 
for protecting the electrode 1a is shown in FIG. 1B. Silicon 
nitride is used in a protective insulating layer 2. The pro 
tective insulating layer (Silicon nitride layer) 2 is formed by 
chemical vapor deposition (CVD) to a thickness of approxi 
mately 100 nm. Note that the silicon nitride layer 2 that acts 
as a protective insulating layer plays the role of preventing 
deterioration of the electrode 1a due to factorS Such as 
oxidation caused by moisture. In this case, the Silicon nitride 
layer 2 is used in the protective insulating layer of this 
embodiment, but it could be any material that has insulating 
and moisture-proofing capabilities. More specifically, Sili 
con oxide, Silicon oxide nitride, or an organic material Such 
as a resin could be used therefor. 

0150. A sectional view illustrating a step of forming a 
buffer layer is shown in FIG. 1C. In this embodiment, a 
photosensitive polyimide is used as a polyimide layer 3. The 
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formation of the buffer layer (photosensitive polyimide 
layer) 3 is done by a spin-coating method. After the spin 
coating, pre-baking is done to drive off part of the Solvent 
component of the polyimide layer 3, thus Stabilizing the 
polyimide layer 3. The pre-baking is done under predeter 
mined conditions at 150° C. or less. The thickness of the 
polyimide layer 3 this time is approximately 15 lum. 

0151. A sectional view illustrating a step of forming a 
hole 4 in the polyimide layer 3 that acts as a buffer layer is 
shown in FIG. 1D. The hole 4 is formed by photolithogra 
phy. At the end of the pre-baking, the polyimide layer 3 is 
exposed then developed to form a pattern in accordance with 
a predetermined mask. The Substrate is then Subjected to 
post-baking to Stabilize the polyimide layer 3. At this point, 
the final thickness of the polyimide layer 3 is approximately 
10 um and the inner diameter of the hole 4 is approximately 
5 um. The hole 4 is also formed to be at Substantially the 
center of the electrode 1.a. 

0152. A sectional view illustrating a step of forming a 
hole with respect to the silicon nitride layer 2 is shown in 
FIG. 2A. The opening of the silicon nitride layer 2 is done 
by a dry etching method. During this time, the Silicon nitride 
layer 2 is opened by using the polyimide layer 3 as a mask 
for the dry etching. Note that since the polyimide layer 3 will 
also be partially damaged by the dry etching, reducing the 
thickness thereof, that thickness should be set originally 
from consideration of that reduction. 

0153. The description now turns to a process in which the 
photoSensitive polyimide is not used in this case, by way of 
comparison. The polyimide layer 3 is first formed by a 
method Such as Spin-coating. After the polyimide layer 3 has 
been Stabilized by post-baking, the photoresist (not shown in 
the figure) is formed by spin-coating over the polyimide 
layer 3. A predetermined pattern is then formed in the 
photoresist by photolithography. The polyimide layer 3 is 
then etched by dry etching method form the hole 4. The hole 
4 is then formed in the silicon nitride layer 2 by dry etching. 
After the hole 4 has been formed, the photoresist is removed 
by an ashing method. 
0154) In other words, if no photosensitive polyimide is 
used, a Superfluous photoresist formation Step and a corre 
sponding photoresist removal Step have to be inserted. In 
addition, Since the photoresist is a polyimide or resin mate 
rial and either of these materials is porous in comparison 
with an inorganic material, a situation occurs in that the 
materials of the photoresist and the polyimide layer 3 
become combined in the vicinity of the interface therebe 
tween. After the polyimide layer 3 has been removed by dry 
etching, the photoresist could be damaged by the plasma. It 
is therefore more difficult to remove the photoresist. Fur 
thermore, with ashing used as the method of removing the 
resist, it is difficult to confirm the end of the removal of the 
resist. In addition, Scum generally occurs during the removal 
of an organic film by ashing. Since it is difficult to remove 
Scum of a mixture of a polyimide and photoresist, it is 
necessary to provide measures Such as a reinforcement of 
the cleaning Step. It is therefore better to use a photoSensitive 
polyimide in the formation of the polyimide layer 3 as in this 
embodiment. Note that the ratio of the thickness of the hole 
4 to the diameter of the hole 4 (the thickness of the hole 4 
to the diameter of the hole 4; hereinafter called the “aspect 
ratio”) is controlled to be between 1 and 2. 
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0.155) A sectional view illustrating a step of forming an 
under electrode layer 5 is shown in FIG. 2B. The under 
electrode layer 5 is formed by a sputtering method. The 
under electrode layer 5 is formed on the polyimide layer 3 
and the inner surface of the hole 4. The under electrode layer 
5 has the roles of acting as an electrode for the formation of 
the bump electrode 8 by a method Such as plating and acting 
to prevent any formation of an alloy between the electrode 
1a formed on aluminum on the Semiconductor Substrate 1 
and the bump electrode 8. Alloying of the under electrode 
layer 5 and the bump electrode 8 increases the possibility of 
problems Such as an increase in electrical resistance and the 
danger of brittleneSS in the effective Strength of the elec 
trode. This embodiment uses Ti-W as the material of the 
under electrode layer 5. Note the uppermost surface of the 
under electrode layer 5 could be formed of a metal that can 
be used in the bump electrode 8. 
0156 A sectional view illustrating a step of forming 
photoresist 6 for forming the bump electrode 8 is shown in 
FIG. 2C. The photoresist 6 is first formed over the entire 
Surface of the Semiconductor Substrate 1 by a spin-coating 
method. The photoresist 6 is then exposed and developed, to 
remove the photoresist 6 in a region including the hole 4. 
The portion from which the photoresist 6 has been removed 
becomes a bump electrode formation region 5a. The Surface 
area for the region for forming the bump electrode 8 is 
approximately 1600 um, including the Surface area of the 
hole 4. 

O157. A sectional view illustrating a step of forming the 
bump electrode is shown in FIG. 3A. The material of the 
bump electrode 8 is gold. The bump electrode 8 is formed by 
an electroplating method. Note that in this embodiment, a 
conductive layer 7 is formed by the electroplating method at 
the same time as the bump electrode 8. The electrically 
conductive material of the conductive layer 7 is therefore 
gold. In this case, the thickness of the bump electrode 8 in 
accordance with this embodiment is on the order of 15 to 30 
tim. The Surface area of the bump electrode 8 is approxi 
mately 2500 um. 
0158. The surface area of the bump electrode 8 is deter 
mined by the thickness of the photoresist 6 and the thickness 
of the bump electrode 8. Gold is first overlaid over the 
unmodified pattern shape of the photoresist 6 until it reaches 
the thickness of the photoresist 6. Once the thickness of the 
photoresist 6 has been exceeded, the gold grows over the 
surface of the photoresist 6 as well. This growth continues 
until the thickness of the bump electrode 8 has reached a 
predetermined value. At the point at which the growth ends, 
part of the base surface of the bump electrode 8 has 
developed a stepped shape that rises over the photoresist 6. 

0159. The formation of the bump electrode 8 by an 
electroplating method is done by growing it uniformly over 
the under electrode layer 5. At the point at which the 
formation of the bump electrode 8 ends, therefore, the shape 
of the surface of the bump electrode 8 reflects the projections 
and depressions of the under electrode layer 5. 
0160 Schematic plan views of the surface of the bump 
electrode 8 are shown in FIGS. 9 and 11. FIG. 9 shows the 
State of the Surface of the bump electrode 8 in accordance 
with this embodiment FIG. 11 shows the state of the Surface 
of the bump electrode 8 in accordance with the conventional 
technique. In the conventional example shown in FIG. 11, 
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a Surface depression 11 of the bump electrode 8 has a Surface 
area that extends widely from a central part to the peripheral 
portion thereof, and a Surface protrusion 12 of the bump 
electrode 8 is limited to part of the peripheral portion 
thereof. With this embodiment, on the other hand, the 
surface depression 11 of the bump electrode 8 is limited to 
part of the center and the Surface protrusion 12 of the bump 
electrode 8 has a broader Surface area. This difference is 
created by the ratio between the Surface area of the aperture 
of the hole 4 and the surface area of the bump electrode 8. 
In other words, the metal of the bump electrode 8 is grown 
by the electroplating method along the under electrode layer 
5, So that the Surface area of the aperture of the hole 4 grows 
into a State in which it is depressed further than the poly 
imide layer 3. As a result, projections and depressions 
remain in the surface of the bump electrode 8, without 
completely filling in the depression over the hole 4, even at 
the point at which the growth ends. 
0.161. A sectional view illustrating a step of removing the 
photoresist 6 is shown in FIG. 3B. The removal of the 
photoresist 6 creates a step in the bump electrode 8 Such that 
there is a difference in size between the dimensions of the 
region in which the bump electrode 8 is formed (and thus the 
diameter of the portion from which the photoresist 6 has 
been removed) and the dimensions of the bump electrode 8 
that has been formed over the photoresist 6. The bump 
electrode 8 having Such a shape is called a mushroom bump. 
In this mushroom bump, the portion that forms the umbrella 
thereof enables a cavity of exactly the thickness of the 
photoresist 6. If it is Subjected to an impact during the 
bonding, Such as by thermal preSSure, the umbrella-shaped 
portion of the mushroom bump will sink by the height of that 
cavity, alleviating the pressure Stresses. If the pressure 
Stresses are alleviated, the pressure force applied during the 
bonding of the chip to another component Such as the 
bonding substrate will be reduced, making it difficult for 
bonding defects to occur. It is therefore preferable to make 
the, umbrella-shaped portion of the mushroom bump as 
small as possible. With this embodiment, the predetermined 
dimensions can be controlled by adjusting the thickness of 
the photoresist 6 and the thickness of the bump electrode 8. 
0162. A sectional view illustrating a step of forming the 
under electrode 15 is shown in FIG. 4. The photoresist (not 
shown in the figure) is first formed over the entire surface of 
the Semiconductor Substrate 1 by a spin-coating method. It 
is then exposed and developed to form a photoresist pattern. 
A part of the under electrode layer is then removed by a wet 
etching method in accordance with the photoresist pattern to 
form the under electrode 15. The bump electrode 8 of this 
embodiment is completed by finally removing the photore 
Sist. Note that another method Such as dry etching could also 
be used instead of the wet etching method to remove a part 
of the under electrode layer. A wet etching method would be 
effective means for removing a difficult metal or alloy. 
0163 A plan view of the disposition of the bump elec 
trodes 8 fabricated by this embodiment is shown in FIG. 8. 
With this embodiment, the bump electrodes 8 are formed 
over a Semiconductor chip formation region 10. In the 
conventional example of FIG. 10, the bump electrodes 8 are 
formed only in a peripheral portion of the bump electrode 8, 
but with this embodiment they can also be formed on top of 
the Semiconductor chip formation region 10 in addition to 
the peripheral portion of the chip. 
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0164. In this case, the ratio of the thickness of the buffer 
layer (polyimide layer) 3 to the diameter of the hole 4 (the 
thickness of the polyimide layer 3 to the diameter of the hole 
4; hereinafter called the “aspect ratio”) is considered. The 
first case to consider is that in which the aspect ratio is Small, 
in other words, the polyimide layer 3 is thin. In Such a case, 
the polyimide layer 3 is unable to sufficiently fulfill the role 
of a buffer layer, and there is increased danger of damage to 
the Semiconductor chips or the chip by impact due to thermal 
preSSure during bonding. Another case to consider is that in 
which the internal Surface area of the hole 4 is large. In Such 
a case, Since an increased proportion of the impacts due to 
thermal pressure during bonding are applied directly below 
the bump electrode 8 rather than the polyimide layer 3 in 
contact therewith, there is danger of damage to the Semi 
conductor chips or the chip thereby. If the aspect ratio is 
large, on the other hand, there is a danger that it will become 
impossible to form the under electrode layer 5 by sputtering. 
In other words, it is increasingly likely that the material of 
the under electrode will not reach as far as the base Surface 
and the inner Surface of the hole 4. Another cause to consider 
for an increase in the aspect ratio is that the internal Surface 
area of the hole 4 is too Small. In Such a case, the conductive 
layer 7 formed within the hole 4 could become embedded in 
the under electrode layer 5. Since the material of the under 
electrode layer 5 is generally not a flexible Substance, not 
only is it highly likely that the conductive layer 7 itself will 
crack due to impacts caused by thermal pressure during 
bonding, but there is a danger that those impacts would not 
be mitigated and would damage the Semiconductor chips. It 
is therefore preferable to Set the range of the aspect ratio of 
the hole 4 to between 1 and 3, more preferably to between 
1.5 and 3, and even more preferably to between 2 and 3. 
0.165. The relationship between the surface area of the 
bump electrode 8 and the surface area of the base of the hole 
4 will now be considered. If the ratio between the Surface 
area of the bump electrode 8 and the surface area of the base 
of the hole 4 is Small, it can be considered that the Surface 
area of the contact between the lower part of the bump 
electrode 8 and the polyimide layer 3 is also small. In such 
a case, the polyimide layer 3 will not mitigate impacts due 
to thermal pressure during bonding Sufficiently, the propor 
tion of impact Stresses imparted to directly below the bump 
electrode 8 will increase, and the danger of a crack of the 
Semiconductor chips or the chip will Strengthen. If the ratio 
between the surface area of the bump electrode 8 and the 
Surface area of the base of the hole 4 is large, on the other 
hand, the Stresses caused by impacts due to thermal preSSure 
during bonding can easily concentrate in the bonding portion 
between the bump electrode 8 and the conductive layer 7. As 
a result, the possibility of wiring breakages between the 
bump electrode 8 and the conductive layer 7 will increase. 
The possibility of wiring breakages will increase even 
further if the conductive layer 7 has a narrow shape. It is 
therefore preferable to set the range of the ratio between the 
Surface area of the bump electrode 8 and the Surface area of 
the base of the hole 4 to between 5 and 100, more preferably 
to between 10 and 100, and even more preferably to between 
15 and 100. 

0166 The effects of the first embodiment of the present 
invention are Stated below. 

0167 (1) By increasing the surface area of each bump 
electrode 8 in contact with the under electrode 15 by the 
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Surface area of the base of the hole 4, the Surface area of the 
contact between the lower surface of each bump electrode 8 
and the polyimide layer 3 is increased, thus increasing the 
effect of mitigating the impact loads applied during bonding. 
It is therefore possible to prevent a crack of a Semiconductor 
chip or the like, even if that Semiconductor chip is formed 
directly under One of the bump electrodes 8. 
0168 (2) By increasing the surface area of each bump 
electrode 8 in contact with the under electrode 15 by the 
Surface area of the base of the bole 4, the flatness of the 
Surface of each bump electrode 8 is increased, as shown in 
FIG.8. As a result, the surface area of bonding during the 
thermal pressure bonding is increased, increasing the bond 
ing Strength. In addition, the pressure of thermal pressure 
can be reduced, thus enabling a reduction in the impact 
imparted to the chip. 

0169 (3) If the aspect ratio of the hole 4 is greater than 
or equal to 1, in other words, if the thickness of the 
polyimide layer 3 is greater then the length of the base 
surface of the hole 4, the polyimide layer 3 can sufficiently 
mitigate the impact loads applied during bonding. If the 
aspect ratio of the hole 4 is greater, the conductive layer 7 
can be made relatively thinner. Since the conductive layer 7 
is of gold in this embodiment, the expansion thereof can be 
increased by making the shape thinner. As a result, not only 
can it withstand impact Stresses, it can also absorb other 
StreSSeS. 

0170 (4) The placing of the conductive layer 7 in the 
center of each bump electrode 8 makes it possible to remove 
any uneven distribution of bonding load on each bump 
electrode 8 due to factorS Such as thermal pressure during 
bonding. The resistance with respect to bonding loading can 
therefore be increased, making it possible to perform stable 
bonding. 

0171 (5) The use of a photosensitive polyimide in the 
buffer layer 3 makes it possible to reduce the photolithog 
raphy Step in the process of forming the hole. The manu 
facturing costs can therefore be reduced. 

0172 (6) Since the conductive layer 7 and the bump 
electrodes 8 are formed continuously by an electroplating 
method, this has the advantage of reducing manufacturing 
COStS. 

0173 (7) The use of gold in the bump electrodes 8 
enables the bump electrodes 8 to absorb stresses during 
bonding. Since this is also a chemically Stable Substance, it 
has the advantage of providing Superlative environment 
proofing. 

0174 (8) Since each bump electrode 8 has a configura 
tion that increases the effect of mitigating impact loading 
during bonding, each bump electrode 8 can be formed on the 
region in which Semiconductor chips are formed. The result 
is a broadening of the degree of freedom of layout design, 
such as the disposition of the bump electrodes 8. Since the 
positions at which the bump electrodes 8 are formed can be 
freely chosen, the bump electrodes 8 can be formed on the 
active Surface of the chip and thus the Surface area of the 
chip can be reduced. 
0175 (9) By making it possible to form the bump elec 
trodes 8 in the vicinity of Semiconductor chips, the wiring 
connecting the bump electrodes 8 to the Semiconductor 
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chips can be shortened. The shortening of the wiring reduces 
delays in electrical transfer Speed between the Semiconduc 
tor chips and the bump electrodes 8, making it possible to 
achieve desired response characteristics. 

SECOND EMBODIMENT 

0176) The description now turns to a second embodiment 
of the present invention, with reference to FIGS. 5 and 6. 
This process is similar to that of the first embodiment, up 
until the step of forming the under electrode layer 5, shown 
in FIGS. 1A to 1D, 2A, and 2B. 
0177. A sectional view illustrating a step of forming an 
electrically conductive resin layer is shown in FIG. 5A. 
Electrically conductive resin 9 is a resin Such as an epoxy 
resin, Silicone resin, phenol resin, or acrylic resin dissolved 
in an organic Solvent to form a paste in which electrically 
conductive particles are dispersed within that organic Sol 
vent. The material of the electrically conductive particles 
can be any of various metal powders, Such as gold, Silver, 
copper, Solder, or other metal depending on the application. 
A paste of the electrically conductive resin 9 is first formed 
over the entire surface of the semiconductor substrate 1 by 
a spin-coating method. During this time, the paste of the 
electrically conductive resin 9 is formed to fill the entire 
interior of the hole 4. The paste of the electrically conductive 
resin 9 is then hardened by thermal processing. The tem 
perature of the thermal processing is from room temperature 
to approximately 200 C., under predetermined conditions. 
In this case, the electrically conductive resin 9 that fills the 
hole 4 functions as the conductive layer 7. A metal filler 
dispersed within an epoxy resin could also be used as the 
electrically conductive resin 9, by way of example. Note that 
the electrically conductive resin 9 could be formed by 
Screen-printing or an inkjet method instead of a spin-coating 
method. 

0.178 A sectional view illustrating a step of removing the 
electrically conductive resin is shown in FIG. 5B. The 
electrically conductive resin 9 is removed by a dry etching 
method, with the under electrode layer 5 acting as an etching 
stop layer. The surface of the under electrode layer 5 is then 
cleaned to cleanse it. 

0179 A sectional view illustrating a step of forming a 
photoresist layer for forming a region for the bump electrode 
8 is shown in FIG. 5C. This step is similar to that of the first 
embodiment, shown in FIG. 2C. The photoresist 6 is first 
formed over the entire Surface of the Semiconductor Sub 
Strate 1 by a spin-coating method. The photoresist 6 is then 
exposed and developed, to remove the photoresist 6 in a 
region including the hole 4. The portion from which the 
photoresist 6 has been removed becomes a bump electrode 
formation region 5a. The Surface area for the region for 
forming the bump electrode 8 is approximately 1600 um, 
including the Surface area of the hole 4. 
0180 A sectional view illustrating a step of forming the 
bump electrode 8 is shown in FIG. 6A. This step is similar 
to that of the first embodiment, shown in FIG. 3A. This 
embodiment differs from the first embodiment in that the 
conductive layer 7 has already been formed embedded in the 
electrically conductive resin 9. In this embodiment, since a 
portion formed of gold by electroplating is Substantially flat, 
the electrode surface after the formation of the bump elec 
trode 8 has a higher degree of flatness than that of the first 
embodiment. 
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0181. A sectional view illustrating a step of removing the 
photoresist is shown in FIG. 6B. This step is similar to that 
of the first embodiment shown in FIG. 3B. In other words, 
a step is created in the shape of the bump electrode 8 by the 
removal of the photoresist 6, to form a mushroom shape. 
0182. A sectional view illustrating a step of forming the 
bump electrode 8 after removing a part of the under elec 
trode layer is shown in FIG. 6C. This step is similar to that 
of the first embodiment, shown in FIG. 4. The photoresist 
(not shown in the figure) is first formed over the entire 
Surface of the Semiconductor Substrate 1 by a spin-coating 
method. It is then exposed and developed to form a photo 
resist pattern A part of the under electrode layer is then 
removed by a wet etching method in accordance with the 
photoresist pattern to form an under electrode 15. The bump 
electrode 8 of this embodiment is completed by finally 
removing the photoresist. Note that another method Such as 
dry etching could also be used instead of the wet etching 
method to remove part of the under electrode layer. 
0183) The effects of the second embodiment of the 
present invention are Stated below. 
0184 (1) By forming the conductive layer 7 between the 
bump electrode 8 and the electrode 1a of the semiconductor 
substrate 1 of the electrically conductive resin 9 that is more 
flexible than the material of the bump electrode 8, impact 
loads applied during bonding can be mitigated by a Syner 
gistic effect between that flexible conductive layer and the 
polyimide layer 3 formed over the silicon nitride layer 2. It 
is therefore possible to prevent a crack of the Semiconductor 
chips or the like, even if Such a Semiconductor chip is 
formed directly under the bump electrode 8. 
0185 (2) Before the bump electrode 8 is formed, the 
portion where the bump electrode 8 is to be formed by an 
electroplating method is flattened by embedding the electri 
cally conductive resin 9 in the hole 4 and forming the 
conductive layer 7. This therefore increases the eventual 
flatness of the electrode surface of the bump electrode 8. As 
a result, the Surface area of bonding during the thermal 
preSSure bonding is increased, increasing the bonding 
Strength. The pressure of thermal pressure can also be 
reduced, enabling a reduction in the impact imparted to the 
chip. 

0186 Modifications 
0187. The embodiments of the present invention are not 
limited to those described above, and thus the modifications 
described below can also be formed. 

0188 In the embodiments herein, Ti-W was used in the 
under electrode 15, but other alloys such as Ti-Pd-Au, 
Ti-Cu, or Cr-Cu could also be used therefor. Ti and Cr are 
materials that increase the adhesive Strength with respect to 
the Al that is the material of the Semiconductor electrode. 
Metals such as Pd, Pt, Cu, and W. on the other hand, are 
materials that increase the adhesive Strength with respect to 
the material of the bump electrode. The material of the under 
electrode 15 also has the role of acting as a barrier metal in 
preventing brittle cracks due to alloying of the bump elec 
trode material and the Semiconductor electrode material. 

0189 Asilicon nitride layer was used in the protective 
insulating layer of these embodiments, but any insulating 
film having Silicon oxide, Silicon oxide nitride, or moisture 
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proofing capabilities can be used therefor. If the buffer film 
also has moisture-proofing capabilities, it would be possible 
to omit the formation of the protective insulating film. 

0190 Gold was used in the bump electrode 8 of these 
embodiments, but a gold alloy Such as Au-Sn could also be 
used therefor. In addition, copper, a copper alloy, Silver or a 
silver alloy could be used therefor. 
0191) A photosensitive polyimide was used as the poly 
imide layer 3 in these embodiments, but an ordinary poly 
imide, a Silicone resin, an epoxy resin, or a phenol resin 
could also be used therefor. 

0.192 These embodiments could also be modified as 
described below. Modifications of the embodiments of the 
present invention as shown in FIGS. 7A to 7C. FIG. 7A 
shows a Semiconductor device in which the shape of the 
conductive layer 7 is tapered (trapezoidal). This tapering of 
the conductive layer 7 ensures that the “neck” portion at 
which the bump electrode 8 and the conductive layer 7 are 
in contact has acute angles. 

0193 This reduces stress concentrations applied to the 
neck portion of the conductive layer 7 by thermal preSSure 
during the bonding. This therefore makes it possible to 
reduce wiring breakage defects between the bump electrode 
8 and the conductive layer 7. 

0194 FIG. 7B shows a semiconductor device in which 
the shape of the conductive layer 7 in an inverted taper. This 
Shaping of the conductive layer 7 into an inverted taper 
increases the Surface area of the contact between the elec 
trode 1a of the semiconductor Substrate 1 and the under 
electrode 15 and with the conductive layer 7 through the 
under electrode 15. The sealing of the electrode 1a and the 
under electrode 15 is therefore increased, making it possible 
to prevent wiring breakage defects due to peeling of the 
electrode caused by impact during bonding. This improves 
the reliability of the bonding process. 

0195 FIG.7C shows a semiconductor device in which a 
plurality of the conductive layers 7 is formed for one bump 
electrode 8. The formation of a plurality of conductive layers 
7 for one bump electrode 8 makes it possible to reduce 
wiring breakages between the bump electrode 8 and the 
conductive layerS 7 due to the impact loads applied during 
bonding. In other words, even if there is one wiring breakage 
between the bump electrode 8 and one of the conductive 
layers 7, the bump electrode 8 can still function, provided 
there are no wiring breaks in the remaining conductive 
layers 7. 

0196) Note that technical concepts derived from the 
above embodiments are as described below. 

0197) (1) A semiconductor device comprises: a semicon 
ductor Substrate having an electrode; a protective insulating 
layer for protecting the electrode, a buffer layer formed over 
the protective insulating layer; a plurality of holes provided 
over the electrode in Such a manner as to penetrate the 
protective insulating layer and the buffer layer, an under 
electrode formed over the surface of the buffer layer, the 
inner Surface of the aperture portion, and the electrode 
Surface; a plurality of conductive layers formed of an 
electrically conductive material embedded in the aperture 
portion; and a bump electrode formed over the under elec 
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trode and over the conductive layer, wherein the electrically 
conductive material is more flexible than the material of the 
bump electrode. 
0198 This configuration makes it possible to reduce 
wiring breakages between the bump electrode and the con 
ductive layer due to the impact loads applied during bond 
ing, by providing the conductive layer in a plurality of holes. 
In other words, the bump electrode can still function even if 
there is one wiring breakage between the bump electrode 
and one of the conductive layers, provided there are no 
wiring breaks in the remaining conductive layers. This 
therefore has the advantage of increasing bonding reliability. 

0199 (2) A semiconductor device comprises: a semicon 
ductor Substrate having an electrode; a protective insulating 
layer for protecting the electrode; a buffer layer formed over 
the protective insulating layer; a hole of a tapered shape 
provided over the electrode in Such a manner as to penetrate 
the protective insulating layer and the buffer layer, an under 
electrode formed over the surface of the buffer layer, the 
inner Surface of the aperture portion, and the electrode 
Surface; a conductive layer of an electrically conductive 
material formed So as to be embedded in the aperture 
portion; and a bump electrode formed over the under elec 
trode and over the conductive layer, wherein the electrically 
conductive material is more flexible than the material of the 
bump electrode. 
0200 Since this configuration inevitably tapers the con 
ductive layer by tapering the shape of the hole, acute angles 
are formed at the neck portion at which the bump electrode 
and the conductive layer are in contact. This reduces StreSS 
concentrations applied to the neck portion by thermal pres 
Sure during the bonding. It therefore makes it possible to 
reduce wiring breakage defects between the bump electrode 
and the conductive layer. 

0201 (3) A semiconductor device comprises: a semicon 
ductor Substrate having an electrode; a protective insulating 
layer for protecting the electrode; a buffer layer formed over 
the protective insulating layer; a hole of an inverted tapered 
shape provided over the electrode in Such a manner as to 
penetrate the protective insulating layer and the buffer layer; 
an under electrode formed over the Surface of the buffer 
layer, the inner Surface of the aperture portion, and the 
electrode Surface; a conductive layer of an electrically 
conductive material formed so as to be embedded in the 
aperture portion; and a bump electrode formed over the 
under electrode and over the conductive layer; wherein the 
electrically conductive material is more flexible than the 
material of the bump electrode. 
0202) This configuration makes it possible to increase the 
contact Surface area between the electrode of the Semicon 
ductor Substrate and the under electrode and the conductive 
layer through the under electrode. The Sealing of the Semi 
conductor electrode and the under electrode is therefore 
increased, making it possible to prevent defects due to 
wiring breaks caused by electrode peeling by causes Such as 
impact during bonding. This improves the reliability of the 
bonding process. 

0203 Although only some embodiments of the present 
invention have been described in detail above, those skilled 
in the art will readily appreciate that many modifications are 
possible in the embodiments without materially departing 
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from the novel teachings and advantages of this invention. 
Accordingly, all Such modifications are intended to be 
included within Scope of this invention. 
What is claimed is: 

1. A Semiconductor device comprising; 
a Semiconductor Substrate having an electrode, 
a protective insulating layer which protects the electrode, 
a buffer layer formed over the protective insulating layer; 
a hole provided over the electrode in Such a manner as to 

penetrate the protective insulating layer and the buffer 
layer; 

an under electrode formed over a Surface of the buffer 
layer, an inner Surface of the hole, and a Surface of the 
electrode, 

a conductive layer of an electrically conductive material 
which is formed in the hole; and 

a bump electrode formed on the under electrode and on 
the conductive layer, 

wherein the electrically conductive material is a material 
that is more flexible than a material of the bump 
electrode. 

2. The semiconductor device defined by claim 1, wherein 
the hole and the conductive layer are formed at Substantially 
a center of the bump electrode. 

3. The semiconductor device defined by claim 1, wherein 
the buffer layer is of a photosensitive polyimide. 

4. The semiconductor device defined by claim 1, wherein 
the bump electrode is formed of gold or a gold alloy. 

5. A Semiconductor device comprising: 
a Semiconductor Substrate having an electrode, 
a protective insulating layer which protects the electrode, 
a buffer layer formed over the protective insulating layer; 
a hole provided over the electrode in Such a manner as to 

penetrate the protective insulating layer and the buffer 
layer; 

an under electrode formed over a Surface of the buffer 
layer, an inner Surface of the hole, and a Surface of the 
electrode, 

a conductive layer of an electrically conductive material 
which is formed in the hole; and 

a bump electrode formed on the under electrode and on 
the conductive layer, 

wherein the ratio of a Surface area of the bump electrode 
at a portion in contact with the under electrode and the 
conductive layer to a Surface area of a base of the hole 
is greater than or equal to 5 and less than or equal to 
100. 

6. The semiconductor device defined by claim 5, wherein 
the hole and the conductive layer are formed at Substantially 
a center of the bump electrode. 

7. The semiconductor device defined by claim 5 wherein 
the buffer layer is of a photosensitive polyimide. 

8. The semiconductor device defined by claim 5, wherein 
the electrically conductive material formed in the conductive 
layer is formed of the same material as a material of the 
bump electrode. 
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9. The semiconductor device defined by claim 5, wherein 
the electrically conductive material is a material that is more 
flexible than a material of the bump electrode. 

10. The semiconductor device defined by claim 5, 
wherein the bump electrode is formed of gold or a gold alloy. 

11. A Semiconductor device comprising: 
a Semiconductor Substrate having an electrode, 
a protective insulating layer which protects the electrode, 
a buffer layer formed over the protective insulating layer; 
a hole provided over the electrode in Such a manner as to 

penetrate the protective insulating layer and the buffer 
layer; 

an under electrode formed over a Surface of the buffer 
layer, an inner Surface of the hole, and a Surface of the 
electrode, 

a conductive layer of an electrically conductive material 
which is formed in the hole; and 

a bump electrode formed on the under electrode and on 
the conductive layer, 

wherein the ratio of the thickness of the buffer layer with 
respect to the diameter of the hole is greater than or 
equal to 1 but less than or equal to 3. 

12. The semiconductor device defined by claim 11, 
wherein the hole and the conductive layer are formed at 
Substantially a center of the bump electrode. 

13. The semiconductor device defined by claim 11, 
wherein the buffer layer is of a photosensitive polyimide. 

14. The semiconductor device defined by claim 11, 
wherein the electrically conductive material formed in the 
conductive layer is formed of the same material as a material 
of the bump electrode. 

15. The semiconductor device defined by claim 11, 
wherein the electrically conductive material is a material 
that is more flexible than a material of the bump electrode. 

16. The semiconductor device defined by claim 11, 
wherein the bump electrode is formed of gold or a gold alloy. 

17. A method of manufacturing a Semiconductor device, 
the method comprising: 

forming a protective insulating layer for protecting an 
electrode, on a Semiconductor Substrate having the 
electrode, 

forming a buffer layer over the protective insulating layer; 
forming a hole in the protective insulating layer and the 

buffer layer over the electrode; 
forming an under electrode layer over the Surface of the 

buffer layer, the inner surface of the hole, and the 
electrode, 

forming a pattern mask which defines a region for form 
ing a bump electrode on the under electrode layer; 

continuously forming a bump electrode and a conductive 
layer by a plating method in a region for forming the 
bump electrode and in the inner Surface of the hole, 
respectively; and 

removing a part of the under electrode layer, to form an 
under electrode. 

18. A method of manufacturing a Semiconductor device, 
the method comprising: 
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forming a protective insulating layer for protecting an 
electrode, on a Semiconductor Substrate having the 
electrode, 

forming a photosensitive polyimide layer as a buffer layer 
Over the protective insulating layer; 

forming a hole in the photoSensitive polyimide layer by 
photolithography; 

using the photoSensitive polyimide layer as a mask to 
remove the protective insulating layer to form a hole; 

forming an under electrode layer over the Surface of the 
buffer layer, the inner surface of the hole, and the 
electrode, 

forming a pattern mask which defines a region for form 
ing a bump electrode on the under electrode layer; 

continuously forming a bump electrode and a conductive 
layer by a plating method in a region for forming the 
bump electrode and in the inner Surface of the hole, 
respectively; and 

removing a part of the under electrode layer, to form an 
under electrode. 

19. A method of manufacturing a Semiconductor device, 
the method comprising: 

forming a protective insulating layer for protecting an 
electrode, on a Semiconductor Substrate having the 
electrode, 

forming a buffer layer over the protective insulating layer; 
forming a hole in the protective insulating layer and the 

buffer layer over the electrode; 
forming an under electrode layer over the Surface of the 

buffer layer, the inner surface of the hole, and the 
electrode, 

forming a conductive layer in the hole by an electrically 
conductive material that is more flexible than a material 
of a bump electrode after the formation of the under 
electrode layer; 

forming a pattern mask which defines a region for form 
ing a bump electrode on the under electrode layer; 

forming a bump electrode over the under electrode layer 
and the conductive layer; and 

removing a part of the under electrode layer, to form an 
under electrode. 

20. The method of manufacturing a semiconductor device 
as defined by claim 19, wherein the electrically conductive 
material is an electrically conductive resin. 

21. The method of manufacturing a Semiconductor device 
as defined by claim 19, 

wherein the buffer layer is formed of a photosensitive 
polyimide, and 

wherein a hole is formed in the photosensitive polyimide 
by photolithography and also the photoSensitive poly 
imide in which the hole has been formed is used as a 
pattern mask to form a hole in the protective insulating 
layer, during the Step of forming a hole. 
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