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(57) ABSTRACT 
Amethod of manufacturing a Semiconductor device includes 
the Steps of forming barrier metals on first electrodes pro 
Vided on a chip of the Semiconductor device, implementing 
a predetermined test on the Semiconductor device by apply 
ing a Signal to the Semiconductor device via at least one of 
the barrier metals, and forming Second protruded electrodes 
on the barrier metals. The predetermined tests are imple 
mented before forming Second protruded electrodes on the 
barrier metals. 
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SEMCONDUCTOR DEVICE AND METHOD OF 
MANUFACTURING THE SAME 

BACKGROUND OF THE INVENTION 

0001) 1. Field of the Invention 
0002 The present invention generally relates to a semi 
conductor device and a method of manufacturing the same. 
The present invention particularly relates to a method of 
manufacturing a Semiconductor device provided with elec 
trodes formed on a Semiconductor Substrate, barrier metals 
formed on respective electrodes and protruded electrodes 
joined to the electrodes via the barrier metals. 
0.003 Recently, there is a decrease in the sizes of semi 
conductor devices. It is known to use protruded electrodes 
Such as bumps as external connection terminals of the 
miniaturized Semiconductor devices. The Semiconductor 
devices having protruded electrodes may be a BGA (Ball 
Grid Array) type semiconductor device or a CSP (Chip Size 
Package) type Semiconductor device. 
0004. Also, the semiconductor devices require higher 
reliability, and thus, it is necessary that protruded electrodes 
also realize higher reliability. 
0005 2. Description of the Related Art 
0006 FIG. 1 is a side view of an example of a semicon 
ductor device of a related art having bumpS and electrode 
pads. Here, FIG. 1 shows a semiconductor device 1 of a 
general CSP type. As shown in FIG. 1, the semiconductor 
device 1 has a plurality of electrode pads 3 provided on a 
circuit forming Surface 2a of the Semiconductor chip 2. Each 
electrode pad 3 is provided with a bump 4 which serves as 
an external connection terminal. 

0007 FIG. 2 is an enlarged view showing a region 
around the electrode pad 3 provided on the Semiconductor 
device 1 of FIG.1. The electrode pad 3 includes an electrode 
5 and a barrier metal 10. As shown in FIG. 2, the bump 4 
is not directly formed on the electrode 5, but is joined to the 
electrode 5 via the barrier metal 10 provided on the electrode 
5. The detailed structure of the semiconductor device 1 will 
be described below. 

0008. The circuit forming surface 2a of the semiconduc 
tor chip 2 is provided with an insulating layer 6 for protect 
ing the circuit forming Surface 2a. The insulating layer 6 is 
provided with openings 7 at positions corresponding to the 
electrodes 5 such that the electrodes 5 are exposed via the 
openings 7. 
0009. The barrier metal 10 has a layered structure of a 

first conductive metal layer 11, a Second conductive metal 
layer 12, and a third conductive metal layer 13. The barrier 
metal 10 prevents the bump 4 from diffusing into the 
electrode 5. For example, when the bump 4 is made of solder 
and a gold (Au) plating is applied on the electrode 5, and if 
the bump 4 is directly joined to the electrode 5, the solder 
will diffuse into the gold plating of the electrode 5. This 
causes a decrease in Strength of the diffused part, which may 
result in the peeling off of the bump 4 from the electrode 5. 
The barrier metal 10 prevents the bump 4 from diffusing into 
the electrode 5 and thus prevents the bump 4 from being 
peeled off from the electrode 5. 
0.010 The first conductive metal layer 11 is provided at a 
position nearest to the Semiconductor chip 2 or at the 
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lowermost position. This first conductive metal layer 11 is 
made of a material having a good joining property with the 
electrode 5. The second conductive metal layer 12 is pro 
vided on the first conductive metal layer 11. This second 
conductive metal layer 12 is made of a material having a 
good joining property with the first conductive metal layer 
11. The third conductive metal layer 13 is provided on the 
second conductive metal layer 12. This third conductive 
metal layer 13 is made of a material having a good joining 
property with the Second conductive metal layer 12 and the 
bump 4. Also, the third conductive metal layer 13 should be 
made of a material which can prevent the diffusion of the 
bump 4. 

0011. The semiconductor device 1 is manufactured in the 
following manner. First, the barrier metals 10 are formed. In 
order to manufacture the barrier metal 10, the first conduc 
tive metal layer 11 is formed on the semiconductor chip 2 
such that the first conductive metal layer 11 is electrically 
connected to the electrode 5. Then, the second conductive 
metal layer 12 is laminated on the first conductive metal 
layer 11. Subsequently, a resist having openings correspond 
ing to predetermined shapes of the barrier metals is formed 
on the second conductive metal layer 12. With this resist 
being provided on the Second conductive metal layer, the 
third conductive metal layer 13 is formed. Thereafter, the 
resist is removed. Further, unwanted parts of the first and 
Second conductive metal layerS 11 and 12 are removed by 
etching. Thus, the barrier metal 10 is obtained. 
0012. The bumps 4 serving as external connection ter 
minals are formed by transferring Solder balls onto the 
barrier metals 10 and heating the solder balls so that the 
solder balls will be joined to the barrier metals 10. 
0013. After the bumps 4 have been formed as described 
above, a testing Step is carried out. AS shown in FIG. 3, 
probes 14 connected to a tester or a testing device (not 
shown) are brought in contact with the bumps 4. This may 
be referred to as “probing”. Then, test signals from the tester 
are Supplied to the Semiconductor chip 2 via the probes 4. 
Thus, a predetermined test Such as a reliability test or an 
operational test can be implemented on the Semiconductor 
chip 2. Thereby, good Semiconductor devices are Selected. 
0014 With the method of manufacturing the semicon 
ductor device of the related art, the testing Step is carried out 
after the bumps 4 have been formed on the barrier metals 10. 
Therefore, the probes 14 should be connected to the bump 
4. However, it is difficult to properly connect the probe 14 
to the bump 4 having a spherical shape. Also, according to 
the recent miniaturization of the Semiconductor device 1, 
further fine-pitched Structures, Such as an area array, have 
been introduced. Then, there arises a problem that it is even 
more difficult to properly connect the probe 14 to the bump 
4 having a spherical shape. 

0015. Also, when the probe 14 is directly probed on the 
bump 4, the material of the bump 4 will adhere to the tip part 
of the probe 14. Examples of the material forming the bump 
4 may be tin (Sn) or lead (Pb). On the other hand, generally, 
the tip part of the probe 14 is provided with a plated part 15. 
For example, when the probe 14 is made of palladium (Pd), 
the plated part 15 may be of gold. 

0016. It is well known that tin reacts with gold. There 
fore, if the material of the bump 4 adheres onto the tip part 
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of the probe 14, the probe 14 will be degraded over a several 
usage. This results in a drawback that the reliability of the 
testing Step is reduced. Also, there is a drawback that the 
testing cost increases Since a frequent replacement of the 
costly probes 14 is necessary. 

SUMMARY OF THE INVENTION 

0.017. Accordingly, it is a general object of the present 
invention to provide a method and a device of manufactur 
ing a Semiconductor device which can overcome the draw 
backs described above. 

0.018. It is another and more specific object of the present 
invention to provide method and a device of manufacturing 
a Semiconductor device which can improve the reliability of 
the testing Step while reducing the cost of the testing Step. 
0019. In order to achieve the above objects according to 
the present invention, a method of manufacturing a Semi 
conductor device includes the Steps of: 

0020 a) forming barrier metals on first electrodes 9. 
provided on a chip of the Semiconductor device; 

0021 b) implementing, after the step a), a predeter 
mined test on the Semiconductor device by applying 
a signal to the Semiconductor device via at least one 
of the barrier metals; and 

0022 c) forming, after the step a), second protruded 
electrodes on the barrier metals. 

0023. With the method described above, connection ter 
minals (e.g., probes) for testing used in the testing Step are 
not connected to the Spherical protruded electrodes but 
connected to the barrier metal having Substantially flat 
Surfaces. Therefore, the connection terminals for testing can 
be Securely connected to the barrier metals. 
0024. It is still another object of the present invention to 
provide method and a device of manufacturing a Semicon 
ductor device which can reduce the cost of the testing Step 
while improving the reliability of the testing step. Thereby, 
reliability test Such as an electric test and a burn-in test can 
be implemented with a high reliablity. 

0025 In order to achieve the above object, the step a) 
includes a step of forming the barrier metals each having a 
multilayer Structure having uppermost conductive metal 
layer which is made of a material which can be alloyed with 
a material of the Second protruded electrodes and has a 
resistance to reaction and adhesion with a material of probes 
used for the Step b) and with a material of plated parts 
provided on the probes. 
0026. With the above structure, the reliability of the test 
can be improved and there is no need for a frequent 
replacement of costly probes. 

0.027 Other objects and further features of the present 
invention will be apparent from the following detailed 
description when read in conjunction with the accompany 
ing drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0028 FIG. 1 is a side view of an example of a semicon 
ductor device of a related art having bumpS and electrode 
pads. 
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0029 FIG. 2 is an enlarged view showing a region 
around the electrode pad provided on the Semiconductor 
device of FIG. 1. 

0030 FIG. 3 is diagram showing a testing step carried 
out in a method of manufacturing a Semiconductor device of 
the related art. 

0031 FIGS. 4 to 9 are diagrams showing various Sub 
Steps of a barrier metal forming Step of a first embodiment 
of a method of manufacturing a Semiconductor device of the 
present invention. 
0032 FIG. 10 is a diagram showing an individualized 
Semiconductor chip provided with barrier metals. 
0033 FIGS. 11 and 12 are diagrams showing how the 
electrical test is carried out on the Semiconductor chip. 
0034 FIG. 13 is a diagram showing how the burn-in test 
is carried out on the Semiconductor chip. 
0035 FIG. 14 is an enlarged view showing a region 
around the electrode pad provided on the Semiconductor 
device of a first embodiment of the present invention. 
0036 FIG. 15 is a chart showing combinations of mate 
rials of the probe and the third conductive metal layer and 
possible materials of the fourth conductive metal layer. 
0037 FIGS. 16 to 19 are diagrams showing various 
barrier metal forming Steps of a Second embodiment of a 
method of manufacturing a Semiconductor device of the 
present invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

0038. In the following, principles and embodiments of 
the present invention will be described with reference to the 
accompanying drawings. 
0039 FIGS. 4 to 15 are diagrams illustrating a manufac 
turing method of a semiconductor device 20 of a first 
embodiment of the present invention. In FIGS. 4 to 9, 
components similar to those shown in FIGS. 1 to 3 are 
indicated with Similar reference numerals. 

0040 First of all, for the sake of convenience, a structure 
of the semiconductor device 20 to be manufactured will be 
described in detail. FIG. 14 is an enlarged view showing a 
region around an electrode pad 23 provided on the Semi 
conductor device 20 of a first embodiment of the present 
invention. 

0041 Referring to FIG. 14, the electrode pad 23 pro 
vided on the semiconductor device 20 includes an electrode 
5 formed on a semiconductor chip 27 and a barrier metal 
30A formed on the electrode 5. The barrier metal 30A 
provided on the semiconductor device 20 of the present 
embodiment has a layered Structure of a first conductive 
metal layer 31, a Second conductive metal layer 32, a third 
conductive metal layer 33 and a fourth conductive metal 
layer 34. 
0042. The first conductive metal layer 31 is layered at a 
position nearest to the Semiconductor chip 2 So as to be 
joined to the electrode 5. The first conductive metal layer 31 
may also be referred to as a lowermost conductive metal 
layer. This first conductive metal layer 31 is made of a 
material having a good joining property with the electrode 5. 
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In the present embodiment, the first conductive metal layer 
31 is made of a material Such as titanium (Tl) and has a 
thickness of about 500 nm. 

0.043 Instead of titanium, the first conductive metal layer 
31 may be made of a metal chosen from a group consisting 
of chromium (Cr), molybdenum (Mo) and tungsten (W), or 
of an alloy containing a metal chosen from a group consist 
ing of titanium (Ti), chromium (Cr), molybdenum (Mo) and 
tungsten (W). 
0044) The second conductive metal layer 32 is interposed 
between the first conductive metal layer 31 and the third 
conductive metal layer 33. This second conductive metal 
layer 32 is made of a material having a good joining property 
with both the first conductive metal layer 31 and the third 
conductive metal layer 33. In the present embodiment, the 
Second conductive metal layer 32 is made of a material Such 
as nickel (Ni) and has a thickness of about 500 nm. 
0.045 Instead of nickel, the second conductive metal 
layer 32 may be made of a metal chosen from a group 
consisting of copper (Cu) and palladium (Pd), or of an alloy 
containing a metal chosen from a group consisting of copper 
(Cu), nickel (Ni) and palladium (Pd). 
0046) The third conductive metal layer 33 is interposed 
between the second conductive metal layer 32 and the fourth 
conductive metal layer 34. This third conductive metal layer 
33 is made of a material having a good joining property with 
both the second conductive metal layer 32 and the fourth 
conductive metal layer 34. In the present embodiment, the 
third conductive metal layer 33 is made of a material such 
as copper (Cu) and has a thickness of about 500 nm. 
0047 Instead of copper, the third conductive metal layer 
33 may be made of a metal chosen from a group consisting 
of nickel (Ni) and palladium (Pd), or of an alloy containing 
a metal chosen from a group consisting of copper (Cu), 
nickel (Ni) and palladium (Pd). 
0.048. The second conductive metal layer 32 and the third 
conductive metal layer 33 are interposed between the first 
conductive metal layer 31 (lowermost conductive layer) and 
the fourth conductive metal layer 34. Thus, a combination of 
the Second conductive metal layer 32 and the third conduc 
tive metal layer 33 may also be referred to as an intermediate 
conductive layer. 
0049. The fourth conductive metal layer 34 is layered at 
a position distal from the semiconductor chip 2. The fourth 
conductive metal layer 34 may also be referred to as an 
uppermost conductive metal layer. This fourth conductive 
metal layer 34 is made of a material which can be easily 
alloyed with the material of a bump 35 and which has 
resistance to oxidation. In the present embodiment, the 
material of the bump 35 is solder. Also, the fourth conduc 
tive metal layer 34 is made of a material Such as gold (Au) 
and has a thickness of about 0.1 um. 
0050 Instead of gold, the fourth conductive metal layer 
34 may be made of a metal chosen from a group consisting 
of platinum (Pt), palladium (Pd), silver (Ag) and rhodium 
(Rh) or of an alloy containing a metal chosen from a group 
consisting of gold (Au), platinum (Pt), palladium (Pd), Silver 
(Ag) and rhodium (Rh). 
0051. In the above described structure, each one of the 

first to fourth conductive metal layers 31 to 34 are described 
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as a Single metal layer. However, each one of the first to 
fourth conductive metal layers 31 to 34 may also have a 
layered Structure of a plurality of conductive metal layers. 
0052 The bump 35 is an example of a protruded elec 
trode. It is to be note that the protruded electrode is not 
limited to a spherical ball but can also take other shapes. Such 
as a stud bump. In the present embodiment, the bump 35 
Serves as an external terminal and has a Substantially Spheri 
cal shape. Considering a Secure mounting of the Semicon 
ductor device 20, the bump 35 is made of a material chosen 
So as to improve joining property with the mounting Sub 
strate. Thus, in the present embodiment, the bump 35 is 
made of solder which is an alloy of tin (Sn) and lead (Pb). 
For example, a solder having a Pb/Sn ratio of 95%/5% is 
used. The bump 35 may have a height of about 100 um. 
0053 Instead of solder, the bump 35 may be made of a 
metal chosen from a group consisting of tin (Sn), lead (Pb), 
silver (Ag), indium (In) and bismuth (Bi) or of an alloy 
containing a metal chosen from a group consisting of tin 
(Sn), lead (Pb), silver (Ag), indium (In) and bismuth (Bi). 
Any of the metals and alloys may be Selected, as long as the 
Selected metal or alloy has a low melting point of less than 
or equal to about 350° C. 
0054. In the present embodiment, the fourth conductive 
metal layer 34 is made of gold (Au) which can be easily 
alloyed with solder used as a material of the bump 35. Thus, 
a metal having a good joining property with the bump 35 
may be selected as a material of the fourth conductive metal 
layer 34, So as to improve the joining property between the 
fourth conductive metal layer 34 and the bump 35. 
0055 Also, the fourth conductive metal layer 34 is made 
of a material having a good resistance to oxidation. There 
fore, even if a heat treatment is implemented after the barrier 
metal 30A has been formed and then the bump 35 is formed 
on the barrier metal 30A, an oxide layer will not be formed 
on the surface of the fourth conductive metal layer 34 during 
the heat treatment. This is advantageous Since the oxide 
layer has a negative effect for joining the bumps. Therefore, 
the bump 35 can be securely joined on the barrier metal 30A, 
and thus the reliability of the semiconductor device 20 can 
be improved. 
0056. In the following, a method of manufacturing the 
semiconductor device 20 of the above-described structure 
will be described. 

0057 Although the semiconductor device 20 is manufac 
tured through a number of Steps, only those Steps essential 
to the present invention will be described in detail. The 
following explanation relates to a step of forming barrier 
metals (barrier metal forming step) a step of forming bumps 
(protruded electrode forming Step), and a step of testing a 
plurality of Semiconductor chips provided on a wafer (test 
ing step). 
0058 FIGS. 4 to 9 are diagrams showing various Sub 
Steps of the barrier metal forming Step of a first embodiment 
of a method of manufacturing a Semiconductor device of the 
present invention. FIG. 4 shows a part of a wafer 25 
provided with the electrodes 5 and the insulating layer 6 
having the openings 7 through which the electrodes 5 are 
exposed. It is to be noted that, as a result of other manu 
facturing steps, the wafer 25 has already been provided with 
a plurality of Semiconductor chips (not shown) integrated 
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thereon. FIG. 4 is an enlarged view showing a region at one 
of the electrodes 5 provided on one of the plurality of 
semiconductor chips formed on the wafer 25. 
0059) As shown in FIG. 5, first of all, a first conductive 
metal coating 41 is formed on the wafer 25 through a 
Sputtering process. Then, a Second conductive metal coating 
42 is provided on the first conductive metal coating 41. In 
the present embodiment, the first conductive metal coating 
41 may be made of titanium (Ti) and has a thickness of about 
500 nm. The second conductive metal coating 42 may be 
made of copper (Cu) and also has a thickness of about 500 

. 

0060. As shown in FIG. 6, after the first and second 
conductive metal coatingS 41 and 42 have been formed, a 
positive resist 44 is provided on the Second conductive metal 
coating 42. Then, the positive resist 44 undergoes an etching 
proceSS So as to provide openings 45 formed at positions 
corresponding to the electrodes 5. The opening 45 is formed 
with an area greater than the area of the electrode 5. 
0061 Then, an electric current is applied to the first 
conductive metal coating 41 or the Second conductive metal 
coating 42. Then, an electrolytic plating process is carried 
out so as to provide the third conductive metal layer 33 on 
the Second conductive metal coating 42 and to provide the 
fourth conductive metal layer 34 on third conductive metal 
layer 33. The third conductive metal layer 33 has a thickness 
of about 2 um and the fourth conductive metal layer 34 has 
a thickness of about 0.1 um. FIG. 7 is a diagram showing a 
state where the third conductive metal layer 33 and the 
fourth conductive metal layer 34 have been formed. 
0.062. In the present embodiment, the third conductive 
metal layer 33 is made of nickel (Ni) and the fourth 
conductive metal layer 34 is made of gold (Au). Also, as has 
been described above, the fourth conductive metal layer 34 
is a thin metal layer having a thickness of about 0.1 um. The 
weight of the fourth conductive metal layer 34 is less than 
2% (weight percentage) of the weight of the bump 35 to be 
formed in the protruded electrode forming process. The 
weight of the fourth conductive metal layer 34 can be easily 
controlled by changing the current conducting time and the 
plating current during the electrolytic plating process. 
0.063 Also, as has been described above, the opening 7 
provided in the resist 44 has an area greater than that of the 
electrode 5 (e.g., the opening has a size of p110 um). 
Therefore, Since the resist 44 is used as a mask, the fourth 
conductive metal layer 34 has an area greater than the area 
of the electrode 5. In detail, when viewed as a plan view, a 
diameter of the fourth conductive metal layer 34 is substan 
tially the same as a diameter of the bump 35. Also, since the 
first to fourth conductive metal layers 31 to 34 are laminated 
as a layered Structure, the Surface of the uppermost fourth 
conductive metal layer 34 will be substantially flat. 
0064. After the third and fourth conductive metal layers 
33,34 are formed in the opening 45, the resist 44 is removed. 
Then, unwanted portions of the first and Second conductive 
metal coatings 41, 42 are removed by wet etching, So as to 
provide the first and second conductive layers 31, 32, 
respectively. Thus, the barrier metal 30A having a structure 
shown in FIG. 9 is formed. 

0065. In the present embodiment, after the barrier metal 
forming Step, the wafer 25 is diced So as to be separated into 
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individual semiconductor chips 27. FIG. 10 is a diagram 
showing the individualized Semiconductor chip 27. 

0066. After individualizing the wafer 25 into the semi 
conductor chipS 27, the testing Step is carried out on each 
semiconductor chip 27. FIGS. 11 to 13 are diagrams show 
ing the testing step. 

0067. In the present embodiment, the testing step 
includes an electrical test and a burn-in test. FIGS. 11 and 
12 are diagrams showing how the electrical test is carried out 
on the semiconductor chip 27. First, a plurality of probes 14 
connected to a tester is electrically connected to the Semi 
conductor chip 27. The testing Signals are Supplied to the 
semiconductor chip 27 via the probes 14. Then, based on the 
output signals from the Semiconductor chip 27, it is deter 
mined whether the semiconductor chip 27 is good or bad. 

0068. As shown in FIGS. 11 and 12, in the present 
embodiment, the probes 14 are connected to an upper part of 
the barrier metal 30A. 

0069. That is to say, in the present embodiment, the test 
Step is implemented after the barrier metal forming Step and 
before the protruded electrode forming Step. Thus, at the 
time of implementing the testing Step, the bump 35 is not yet 
provided on the barrier metal 30A. Therefore, the semicon 
ductor chip 27 can be tested by directly connecting the probe 
14 to the barrier metal 30A. 

0070 AS has been described, the fourth conductive metal 
layer 34 positioned at the uppermost part of the barrier metal 
has a comparatively great area and is Substantially flat. 
Therefore, the probe 14 can be more securely connected to 
the barrier metal 30A (the fourth conductive metal layer 34) 
as compared to the method of the related art in which the 
probe 14 is connected to the spherical bump 4 (see FIG. 3). 
Thus, the test can be implemented with an improved reli 
ability. 

0071 Also, the fourth conductive metal layer 34 is made 
of a material having a good resistance to reaction and 
adhesion with the metal used for the probe 14. When the 
probe 14 is provided with the plated part 15, the fourth 
conductive metal layer 34 is made of a material having a 
good resistance to reaction and adhesion with the metal used 
for the plated part 15. 

0072 Therefore, even if the probe 14 is connected to the 
fourth conductive metal layer 34 and a part of the fourth 
conductive metal layer 34 adheres to the probe 14 (or to the 
plated part 15), the probe 14 and the plated part 15 will not 
be degraded. Thus, Since it is no longer necessary to replace 
expensive the probes 14 frequently, the testing cost can be 
reduced while increasing the reliability of the test Step. 

0073 FIG. 15 is a chart showing combinations of mate 
rials of the probe 14 (or of the plated part 15, if any) and the 
third conductive metal layer 33, and possible materials of the 
fourth conductive metal layer 34. The material of the probe 
14 and the material of the third conductive metal layer 33 are 
used as parameters for Specifying the material of the fourth 
conductive metal layer 34. The combination of the materials 
of the fourth conductive metal layer 34 and the probe 14 is 
related to the material of the third conductive metal layer 33 
which provided under the fourth conductive layer and which 
prevents the diffusion of the bump 35. 
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0074 From FIG. 15, it can be seen that when the probe 
14 (or the plated part 15) is made of palladium (Pd) and the 
third conductive metal layer 33 is made of nickel (Ni), a 
preferable material for the fourth conductive metal layer 34 
is palladium (Pd) or gold (Au). 
0075 Similarly, when the probe 14 (or the plated part 15) 
is made of tungsten (W) and the third conductive metal layer 
33 is made of palladium (Pd), a preferable material for the 
fourth conductive metal layer 34 is Selected from a group 
consisting of gold (Au), Silver (Ag), platinum (Pt) and 
rhodium (Rd). 
0076 Now, FIG. 13 is a diagram showing how the 
burn-intest, which is a type of a reliability test, is carried out 
on the semiconductor chip 27. As shown in FIG. 13, the 
semiconductor chip 27 is mounted on a testing card 50 and 
then placed in a burn-in chamber 52. Then, a heating proceSS 
and a cooling proceSS are alternately repeated. Thus, the 
Semiconductor chips which may cause a failure due to 
inherent weakness or manufacturing variation will be 
removed. Therefore, the burn-in test may be considered as a 
type of a Screening test. 

0077. In the present embodiment, a burn-intest at 125° C. 
for 48 hours is repeated twice. The test card 50 is provided 
with test terminals 51, Such as Stud bumps, and the test 
terminals 51 are respectively connected to the barrier metals 
30A of the semiconductor chip 27. 
0078. With the testing step of the present embodiment in 
which the test terminals 51 are brought in contact with the 
barrier metals 30A, when the above-described burn-in test is 
implemented, an oxide layer may be produced at the Surface 
of the fourth conductive metal layer 34. Accordingly, there 
is a risk that the joining property between the bumpS 35 and 
the barrier metals 30A may be degraded. 

0079. However, in the present embodiment, since the 
fourth conductive metal layer 34 is made of a material 
having resistance to oxidization. Therefore, even if the 
heating process is carried out in the testing Step, the oxide 
layer will not be formed on the surface of the fourth 
conductive metal layer 34. Accordingly, in the protruded 
electrode forming step (described later), the bump 35 can be 
securely joined on the barrier metal 30A (the fourth con 
ductive metal layer 34). 
0080. After the testing step described above, the pro 
truded electrode forming step is carried out. Solder balls of 
solder having a Pb/Sn ratio of 95%/5% are transferred onto 
the barrier metal 30A. Then, a reflow process is carried out 
under at 350° C. under nitrogen atmosphere. Thereby, the 
bump 35 having a height of about 100 um are formed. 
Subsequently, processes Such as cleaning the flux are imple 
mented. Thus, the semiconductor device 20 shown in FIG. 
14 is manufactured. 

0081. In the protruded electrode forming step, the reflow 
process (heat treatment) is implemented. However, since the 
fourth conductive metal layer 34 is made of a material which 
can be easily alloyed with the bump 35, there is a risk that 
the fourth conductive metal layer 34 dissolves and alloys 
with the bump 35. 
0082) However, in the present embodiment, the weight of 
the fourth conductive metal layer 34 is less than 2% (weight 
percentage) of the weight of the bump 35. Therefore, even 
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if the fourth conductive metal layer 34 is entirely alloyed 
with the bump 35, the amount of the fourth conductive metal 
layer 34 in the bump 35 is considerably small. Thus, the 
degradation of the bump 35 can be prevented. 

0083. The fourth conductive metal layer 34 may be made 
of a material which can be easily alloyed with the bump 35 
So as to improve the electrical connectivity and prevent the 
degradation of the probe 14 in the testing Step. However, as 
has been described above, the joining force between the 
bumps 35 and the barrier metals 30A can be maintained due 
to low amount of the fourth conductive layer 34. Thus, the 
bumps 35 will not fall off when mounted on the semicon 
ductor device 20, and the mounting reliability of the semi 
conductor device 20 can be improved. 
0084 FIGS. 16 to 19 are diagrams showing various 
barrier metal forming Steps of a Second embodiment of a 
method of manufacturing a Semiconductor device of the 
present invention. In FIGS. 16 to 19, same elements as those 
shown in FIGS. 4 to 14 are illustrated with same reference 
numerals. 

0085. The present embodiment is characterized in that the 
barrier metal does not include the third conductive metal 
layer 33 of the first embodiment. In other words, the 
intermediate conductive layer must include one of nickel 
(Ni) and palladium (Pd), since those material have high 
diffusion protection property. However, depending on mate 
rials of other Stacked layers, the intermediate conductive 
layer need not contain copper (Cu) which has a low diffusion 
protection property. 

0086 Therefore, in the present invention, the first con 
ductive metal layer 31 is made of a material Such as titanium 
(Ti). The second conductive metal layer 32 is made of a 
material such as nickel (Ni) or palladium (Pd). The fourth 
conductive metal layer 34 is made of a material Such as gold 
(Au). In the present embodiment, the fourth conductive 
metal layer 34 is directly laminated on the Second conduc 
tive metal layer 32. 

0087. In order to manufacture the barrier metal of the 
present embodiment, first of all, the first and Second con 
ductive metal coatings 41, 42 are formed as shown in FIG. 
16. Then, the resist 44 having openings 45 are formed on the 
second conductive metal coating 42. Then, as shown in FIG. 
17, the fourth conductive metal layer 34 is directly formed 
on the Second conductive metal coating 42. Subsequently, as 
shown in FIG. 18, the resist 44 is removed. Thereafter, the 
unwanted parts of the first and Second conductive metal 
coatingS 41 and 42 are removed by etching, So as to provide 
the first and Second conductive layerS 31, 32, respectively. 
Thus, the barrier metal 30B having a triple-layered structure 
shown in FIG. 19 is formed. 

0088. It can be understood that the number of layers of 
the barrier metal can be altered by appropriately Selecting 
the material of each conductive metal layer. Therefore, the 
structure of the barrier metal is not limited to the four 
layered structure of the first embodiment or to the triple 
layered Structure of the Second embodiment, but can be a 
layered Structure having five or more conductive metal 
layers. Even with the layered Structure having five or more 
conductive metal layers, if a material of the uppermost 
conductive metal layer is Selected to have an appropriate 
property with the material of the bump (protruded elec 



US 2002/0102832 A1 

trode), the testing Step can be implemented before the 
protruded electrode forming Step. 

0089. In the above-described embodiment, first, the bar 
rier metal forming Step is implemented. Subsequently, the 
wafer 25 is diced so as to obtain individualized semicon 
ductor chips 27. Therefore, in the above-described embodi 
ment, the testing Step and the protruded electrode forming 
Step are implemented on the individualized Semiconductor 
chips 27. 
0090 However, it is inefficient to implement the testing 
Step and the protruded electrode forming Step on each one of 
the individualized Semiconductor chips 27. Thus, dicing can 
be implemented not immediately after the barrier metal 
forming Step. Instead, the testing Step and the protruded 
electrode forming Step can implemented after the barrier 
metal forming step. The wafer 25 can be diced thereafter. 
0.091 In this manner, the testing step and the protruded 
electrode forming Step can be simultaneously implemented 
on the plurality of semiconductor chips 27 formed on the 
wafer 25. Thereby, the manufacturing efficiency of the 
Semiconductor devices can be improved. 
0092 Also, the protruded electrode forming step is 
implemented only on those Semiconductor devices which 
have been determined as good Semiconductor devices during 
the testing step. Thus, the bumps 35 will not be formed on 
bad Semiconductor devices, So that a wasteful use of bump 
material can be avoided. 

0093. Also, the above-described steps of selectively 
forming the bumps 35 may be carried out in various trans 
ferring method where the bumps 35 are transferred to the 
individualized semiconductor chip 27. Also, when the 
bumps 35 are formed on an undiced wafer, if bump forming 
method such as metal jet method is employed, the bumps 35 
may be only formed on good Semiconductor chips based on 
the location data of bad semiconductor chips. With the metal 
jet method, the solder is expelled onto the wafer 25 in a 
Similar to inkjet method, So as to form the bumps. 
0094) Further, the present invention is not limited to these 
embodiments, but variations and modifications may be made 
without departing from the Scope of the present invention. 
0.095 The present application is based on Japanese pri 
ority application No. 11-118543 filed on Apr. 26, 1999, the 
entire contents of which are hereby incorporated by refer 
CCC. 

What is claimed is: 
1. A method of manufacturing a Semiconductor device 

provided with first electrodes formed on a Semiconductor 
Substrate and Second protruded electrodes provided on Said 
first electrodes, respectively, said method comprising the 
Steps of: 

a) forming a barrier metal on each one of said plurality of 
first electrodes, said step a) further comprising the 
Sub-Steps of: 
laminating a lowermost conductive metal layer on Said 

first electrode, Said lowermost conductive metal 
layer having a comparatively good joining property 
with said first electrode; 

laminating an intermediate conductive metal layer on 
Said lowermost conductive metal layer; and 
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laminating an uppermost conductive metal layer on 
Said intermediate conductive metal layer, Said upper 
most conductive metal layer Serving as a barrier 
layer for preventing Said Second protruded electrode 
from being diffused in said first electrode; 

b) forming Said Second protruded electrodes on Said 
barrier metals, and 

c) implementing one or more predetermined test on said 
Semiconductor Substrate by applying Signals to Said 
Semiconductor Substrate, 

wherein Said step c) is carried out after said step a) and 
before said step b). 

2. The method as claimed in claim 1, wherein, in Said Step 
c), the signals are Supplied to the Semiconductor Substrate by 
contacting Said barrier metals with probes. 

3. The method as claimed in claim 1, wherein said 
uppermost conductive metal layer is made of a material 
having resistance to reaction and adhesion with the metal 
used for the probe. 

4. The method as claimed in claim 1, wherein Said 
uppermost conductive metal layer is made of a material 
which can be easily alloyed with the material of the pro 
truded electrode and has resistance to oxidation. 

5. The method as claimed in claim 1, wherein said step b) 
is implemented only on those Semiconductor chips which 
have been determined as good Semiconductor chips during 
said step c). 

6. The method as claimed in claim 1, said step b) further 
comprising the Sub-Steps of: 

forming a first metal coating, which will become Said 
lowermost conductive metal layer, on Substantially the 
entire Surface on Said Semiconductor Substrate, Said 
first metal coating having a layered Structure of one or 
more layer having a comparatively good joining prop 
erty with said first electrodes; 

forming a Second metal coating, which will become a part 
of Said intermediate conductive metal layer, on Said 
first metal coating, Said Second metal coating having a 
layered Structure of one or more layer having a com 
paratively good joining property with Said first metal 
coating; 

forming third conductive metal layers, which will become 
a part of Said intermediate conducive metal, by forming 
a resist provided with openings at positions correspond 
ing to Said first electrodes and having areas greater than 
the areas of the first electrodes, then forming third 
conductive metal layers in Said openings Such that the 
third conductive metal layers cover the Second conduc 
tive coating, Said third metal conductive layerS having 
layered Structure of one or more layer having a com 
paratively good joining property with Said Second metal 
coating and to Said Second protruded electrodes; 

forming fourth conductive metal layers, which will 
become Said upper most conductive metal layer, on Said 
third conductive metal layer, Said fourth conductive 
metal layerS having layered Structure of one or more 
layer which easily alloys with the material of the 
Second protruded electrodes and has resistance to oxi 
dation; 
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forming first conductive metal layers and Second conduc 
tive metal layers by removing Said first conductive 
metal coating and Second conductive metal coating 
while using the third conductive metal layer and fourth 
conductive metal layer as maskS. 

7. The method as claimed in claim 6, wherein a weight of 
the fourth conductive metal layer is less than 2% (weight 
percentage) of the weight of the protruded electrode. 

8. The method as claimed in claim 6, wherein said first 
conductive metal layer is made of a metal chosen from a 
group consisting of titanium (Tl), chromium (Cr), molyb 
denum (Mo) and tungsten (W), or of an alloy containing a 
metal chosen from a group consisting of titanium (Tl), 
chromium (Cr), molybdenum (Mo) and tungsten (W). 

9. The method as claimed in claim 6, wherein said second 
conductive metal layer is made of a metal chosen from a 
group consisting of copper (Cu), nickel (Ni) and palladium 
(Pd), or of an alloy containing a metal chosen from a group 
consisting of copper (Cu), nickel (Ni) and palladium (Pd). 

10. The method as claimed in claim 6, wherein said third 
conductive metal layer is made of a metal chosen from a 
group consisting of copper (Cu), nickel (Ni) and palladium 
(Pd), or of an alloy containing a metal chosen from a group 
consisting of copper (Cu), nickel (Ni) and palladium (Pd). 

11. The method as claimed in claim 6, wherein said fourth 
conductive metal layer is made of a metal chosen from a 
group consisting of gold (Au), platinum (Pt), palladium 
(Pd), Silver (Ag) and rhodium (Rh) or of an alloy containing 
a metal chosen from a group consisting of gold (Au), 
platinum (Pt), palladium (Pd), silver (Ag) and rhodium (Rh). 

12. The method as claimed in claim 6, wherein said 
protruded electrode is made of a metal chosen from a group 
consisting of tin(Sn), lead (Pb), Silver (Ag), indium (In) and 
bismuth (Bi) or of an alloy containing a metal chosen from 
a group consisting of tin (Sn), lead (Pb), Silver (Ag), indium 
(In) and bismuth (Bi). 

13. A Semiconductor device having a Semiconductor chip, 
first electrodes formed on Said Semiconductor chip, barrier 
metals formed on Said first electrodes and having laminated 
Structures, a plurality of Second protruded electrodes, which 
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Serves as external connection terminals, formed on Said 
barrier metals, 

Said barrier metal comprising: 
a lowermost conductive metal layer laminated on Said 

first electrodes and made of one or more conductive 
metal coating having a comparatively good joining 
property with Said first electrodes; 

an intermediate conductive metal layer laminated on 
Said lowermost conductive metal layer and made of 
one or more conductive metal layer having a com 
paratively good joining property with Said lower 
most conductive metal layer, at least one of Said 
conductive metal layerS Serving as a barrier layer for 
preventing Said protruded electrodes from diffused 
into Said conductive metal layers, and 

an uppermost conductive metal layer laminated on Said 
intermediate conductive metal layers and made of one 
or more uppermost conductive metal layerS made of a 
material which easily alloys with the material of said 
plurality of the uppermost conductive metal layers. 

14. A method of manufacturing a Semiconductor device 
comprising the Steps of: 

a) forming barrier metals on first electrodes provided on 
a chip of the Semiconductor device; 

b) implementing, after said step a), a predetermined test 
on the Semiconductor device by applying a Signal to the 
Semiconductor device via at least one of the barrier 
metals, and 

c) forming, after said step a), Second protruded electrodes 
on the barrier metals. 

15. The method as claimed in claim 14 wherein said step 
a) comprises a step of forming the barrier metals each having 
a multilayer Structure having uppermost conductive metal 
layer which is made of a material which can be alloyed with 
a material of the Second protruded electrodes and has a 
resistance to reaction and adhesion with a material of probes 
used for said step b) and with a material of plated parts 
provided on the probes. 
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