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(57) ABSTRACT 
A lead-free Solder composition having Superior mechanical 
Strength is produced by adding a rare earth element to a 
Sn-Agalloy or a Sn-Ag-Bi-Cu alloy. 
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SOLDER ALLOY COMPOSITION 

BACKGROUND OF THE INVENTION 

0001) 1. Field of the Invention 
0002 The present invention relates to solder alloy com 
positions, more particularly to a low melting point, lead-free 
Solder alloy composition provided with improved properties, 
primarily in mechanical Strength. 
0003 2. Description of the Related Art 
0004. When electronic parts, etc., are electrically con 
nected to and are fixed on circuit boards and the like, a Sn-Pb 
eutectic solder is most widely used at present. The Sn-Pb 
Solder has a eutectic alloy composition of 63 percent by 
weight of Sn and 37 percent by weight of Pb, and has a 
eutectic temperature of 183 C. The Sn-Pb eutectic solder 
alloy composition exhibits Superior performance in many 
respects, Such as temperature characteristics, Soldering char 
acteristics, and reliability, and forms the basis of mounting 
technology in the electronics industry. 
0005 Recently, wastes containing Pb have become a 
problem from the point of view of environmental protection 
and the enactment of lead-control regulations is anticipated 
in the United States, Europe, and Japan. The Sn-Pb eutectic 
Solder will also be regulated. 
0006 Accordingly, a lead-free solder is desired, which 
has equivalent performance to that of the Sn-Pb eutectic 
Solder in workability, Such as Soldering characteristics, tem 
perature characteristics, and reliability. 
0007 Alloy compositions proposed up to the present as 
candidates for a lead-free Solder are mainly composed of Sn, 
Such as low melting point alloys including a Sn-Bi alloy (57 
percent by weight of Bi and a eutectic temperature of 139 
C.) and a Sn-In alloy (52 percent by weight of In and a 
eutectic temperature of 117 C). In addition, there is a 
Sn-Agalloy with a relatively high melting point (3.5 percent 
by weight of Ag and a eutectic temperature of 221 C.). 
0008. When compared with the Sn-Pb eutectic solder, 
however, all compositions described above have problems, 
Such as decrease of wettability, decrease of fatigue Strength, 
generation of dross (an oxide film on Surfaces of molten 
Solder), and higher cost. Among the compositions described 
above, the Sn-Agalloy, even though it has a drawback of 
having a relatively higher melting point, is regarded as the 
most likely candidate by virtue of Superior properties of 
oxidation resistance and Soldering characteristics. A phase 
diagram of the Sn-Agalloy is shown in the FIGURE. 
0009. A Sn-Agalloy having Bi and Cu, 90 Sn-7.5 Bi-2 
Ag-0.5 Cu (each numeral represents percent by weight), is 
named Alloy-H and the melting point thereof decreases to 
approximately 210 C. While having good thermal cycle 
characteristics, Alloy-H is hard and brittle due to a large 
amount of Bi contained, So that it is difficult to make a Solder 
wire. A problem of lift-off is also noted. 
0.010 Consequently, the inventors of the present inven 
tion proposed a lead-free Sn-Agalloy Solder disclosed in 
Japanese Patent Application No. 9-348.212, in which the Bi 
content was reduced to approximately half, that is, 4 percent 
by weight, and a Small amount of Ge was added to com 
pensate for the reduced workability and reliability. A typical 
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alloy composition is a five-component alloy of 93.4 Sn-2 
Ag-4 Bi-0.5 Cu-0.1 Ge (each numeral represents percent by 
weight). 
0011. The five-component lead-free alloy solder shows 
Superior properties; however, degradation of properties is 
observed when used in a flow proceSS and an elongation 
thereof is relatively small. Moreover, application of the alloy 
solder was limited by the extremely high cost of Ge. 

SUMMARY OF THE INVENTION 

0012. Accordingly, taking the problems in the conven 
tional technologies into consideration, it is an object of the 
present invention to provide a lead-free Solder composition 
having Superior mechanical properties including StreSS and 
elongation, and having properties equivalent to those of 
conventional lead-free Solder in a melting point and wetta 
bility. 
0013 The inventors accomplished the present invention 
through discovering that good results may be obtained by 
adding a rare earth element to a Sn-Agalloy or a Sn-Ag 
Bi-Cu alloy in the course of evaluating properties thereof by 
adding various chemical elements. 
0014) To this end, in one aspect of the present invention, 
there is provided a Solder alloy composition comprising a 
Sn-Agalloy and a rare earth element. 
0015 The composition of the Sn-Agalloy as a base alloy 
is preferably approximately 0.1 to 6.0 percent by weight of 
Ag and the balance is Substantially Sn, that is, the Sn-Ag 
alloy composition is preferably significantly similar to a 
eutectic composition. When the content of Ag does not reach 
the value mentioned above, wettability will decrease and 
melting point will increase. 
0016. In contrast, when the content of Ag exceeds the 
value mentioned above, needle crystals will precipitate and 
mechanical Strength will decrease. In addition, melting point 
will increase. 

0017. In another aspect of the present invention, there is 
provided another Solder alloy composition comprising a 
Sn-Ag-Bi-Cu alloy and a rare earth element. 
0018. The composition of the Sn-Ag-Bi-Cu alloy as a 
base alloy is preferably not more than 6.0 percent by weight 
of Ag, not more than 8.0 percent by weight of Bi, and not 
more than 5.0 percent by weight of Cu, and the balance is 
substantially Sn. 
0019. The composition of the Sn-Ag-Bi-Cu alloy is more 
preferably 1.5 to 3.0 percent by weight of Ag, 0.5 to 5.0 
percent by weight of Bi, and 0.1 to 3.0 percent by weight of 
Cu, and the balance is Substantially Sn. 
0020 When the content of Ag does not reach the value 
mentioned above, an angle of contact becomes larger in 
wettability evaluation and good wettability will not be 
obtained. In addition, melting point will increase. 
0021 Meanwhile, when the content of Ag exceeds the 
value mentioned above, the melting point will also increase, 
needle crystals will be observed, and mechanical Strength 
will decrease. 

0022. When the content of Bi does not reach the value 
mentioned above, melting point will increase and good 
wettability will not be obtained. 
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0023. When the content of Bi exceeds the value men 
tioned above, the Solder alloy composition is brittle and a 
disconnection thereof may occur by mechanical impact or 
the like. 

0024. In contrast, when the content of Cu does not reach 
the value mentioned above, melting point will not decrease 
and good wettability will not be obtained. 
0.025. When the content of Cu exceeds the value men 
tioned above, a m-type intermetallic compound of Cu-Sn 
will form and will precipitate, So that cracks will easily 
OCC. 

0026. Moreover, melting point will increase and wetta 
bility will decrease. 
0027. In each solder alloy composition, the phrase “the 
balance being Substantially Sn” means that the balance is 
Substantially pure Sn, which may contain incidental impu 
rities. 

0028. An amount of a rare earth element is preferably not 
more than 5 percent by weight of each of solder alloy 
compositions, Sn-Agalloy and Sn-Ag-Bi-Cu alloy. 

0029 Even a small amount of approximately 0.1 percent 
by weight of a rare earth element contributes to improved 
mechanical Strength. When the amount of a rare earth 
element exceeds 5 percent by weight; however, effects of 
decreased oxidation resistance, wettability, and mechanical 
Strength begin to appear. 

0030. In each solder alloy composition, a rare earth 
element to be added is preferably Selected from the group 
consisting of La, Ce, Pr, Nd, Sm, and Gd. One or more rare 
earth elements are to be added to each Solder alloy compo 
Sition. 

0031. The mechanism of the effects caused by adding a 
rare earth element to the Solder alloy composition according 
to the present invention is not clearly understood; however, 
addition of a proper amount of a rare earth element is 
capable of improving mechanical Strength while maintain 
ing nearly the same melting point and wettability. 

BRIEF DESCRIPTION OF THE DRAWING 

0.032 The FIGURE is a phase diagram of a Sn-Agalloy. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

0033) A solder alloy composition according to the present 
invention will be described in further detail. 

0034. The solder alloy composition of the present inven 
tion can be prepared by weighing, heating, melting, and 
mixing each element So that the content of each element 
meets a desired content in a finished State of the Solder alloy 
composition. In practice, by adding a rare earth element, 
which is readily Susceptible to oxidation, to Sn melted at 
400 C. in a non-oxidized State in noble gases Such as Ar, in 
N gas, in SF gas, or in a vacuum So that the content of the 
rare earth element is approximately 2 percent by weight, a 
Sn-rare earth element base alloy is obtained. Subsequently, 
a Sn-Ag-rare earth element Solder alloy composition is 
obtained by adding predetermined weights of Sn and Ag, 
respectively. 
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0035. By adding, respectively, predetermined weights of 
Sn, Ag, Bi, and Cu to the Sn-rare earth element base alloy, 
a Sn-Ag-Bi-Cu-rare earth element Solder alloy composition 
is obtained. 

0036) The melting point, wettability, and mechanical 
Strength of each Solder alloy composition obtained as 
described above were evaluated. Next, the measurement 
method for each evaluated characteristic will be described. 

0037 Melting Point 
0038. The melting point of a solder alloy composition is 
measured by use of a DSC (Differential Scanning Calorim 
eter), a method of thermal analysis, in which the rate of 
temperature increase is 5 C./min and the temperature range 
is from room temperature to 250 C. The measurement is 
performed in a Natmosphere with 50 sccm of N. For the 
DSC, Al Sample pans are used, and Al-O is used as a 
reference Sample. 
0.039 Wettability 
0040 For evaluating wettability of a solder alloy com 
position, an expansion ratio of a molten Solder alloy com 
position is measured. An oxidation treated copper plate is 
used as an object for measuring wettability. 
0041 An oxidation treated copper is obtained by polish 
ing to remove native oxide layerS on a Surface of a 0.3 
mm-thick, 50 mm by 50 mm copper plate followed by 
forming new oxide layers by a heat treatment at 150° C. for 
one hour in a thermostatic Oven. 

0042. A block of each solder alloy composition of 
approximately 0.3 g is placed on the oxidation treated 
copper plate and flux (KOUKI Company, JS64MSS) is 
dripped on the block. The solder alloy composition in the 
State described above is placed gently on a polyimide film 
disposed on a static solder bath maintained at 250 C., and 
is melted for 30 Seconds. After cooling, a thickness of a 
Solder alloy composition expanded and Solidified on the 
oxidation treated copper plate is measured by a micrometer 
and then an expansion ratio is calculated based on the 
equation below. 

0043. Expansion ratio=(D-H)/Dx100 (%) where H: 
thickness of Solder alloy composition when expanded and 
solidified (mm); 
0044) D: diameter when solder alloy composition is 
assumed to be spherical (mm); 
0.045 D=1.24x (W/p)/3x10 (mm); 
0046 W=weight of solder alloy composition; and 
0047 p=specific gravity of solder alloy composition, 
herein set to be 7.3 (constant). 
0048. The greater the expansion ratio, the better the 
wettability. 

0049 Mechanical Strength 
0050 Each heated molten solder alloy composition is 
injected in a mold with an inner diameter of 4 mm So that test 
pieces with a diameter of 4 mm and a length of 4 to 5 cm are 
formed. After fixing a test piece in the chucks of a tensile 
Strength testing machine, the Stress and the Strain (the 
elongation) are measured until the test piece breaks; the gap 
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length between chuckS is 10 mm, the croSS head Speed is 10 
mm/min, and the Sampling rate is 10 points/sec. 
0051. In the actual measurement, four characteristics are 
measured: the maximum load StreSS, the rupture StreSS, the 
maximum load Strain, and the rupture Strain. 
0.052 The maximum load stress means the maximum 
StreSS when a test piece is uniformly elongated. 
0053. The rupture stress means the stress when stress is 
concentrated at a certain point of the test piece and causes 
the rupture thereof. 
0.054 Each stress explained above indicates the strength 
of the test piece. 
0.055 The difference in the stresses indicates plasticity of 
the test piece. 
0056. In addition, the maximum load strain means the 
maximum amount of Strain when a test piece is uniformly 
elongated. 

0057 The rupture strain means the amount of strain when 
StreSS is concentrated at a certain point of the test piece and 
causes the rupture thereof. 
0058. The difference between the above strains shows the 
elongation in the region of the plastic deformation of the test 
piece over that of the elastic deformation thereof. 
0059. Therefore, strength, brittleness, and elongation of a 
Solder alloy composition can be evaluated from the StreSS 
and the Strain at the maximum load and the rupture and from 
the differences thereof. 

EXAMPLES 

0060. The present invention will be described particu 
larly in conjunction with Examples, Comparative Examples, 
and Reference Examples. However, the present invention is 
not limited to the Examples described below. 
0061 Examples 1 to 6 explained below relate to a Sn-Ag 
rare earth element Solder alloy composition. 

Example 1 
0.062 A Sn-La base alloy was prepared by adding La to 
Sn melted at 400° C. in a non-oxidizing atmosphere so that 
the content of La in the alloy was approximately 2.0 percent 
by weight. The composition was adjusted by further adding 
Sn and Ag to the Sn-Labase alloy So that the content of each 
was in accordance with the equations below. 

La? (Sn+Ag)=0.5 percent by weight 
Ag/(Sn+Ag)=3.5 percent by weight 

0.063 Subsequently, by melting the composition 
described above at 400 C. for 2 hours in a non-oxidizing 
atmosphere, a Sn-Ag-La Solder alloy composition was 
obtained. 

Example 2 
0064. A Sn-Ag-Ce solder alloy composition was pre 
pared as in Example 1, except Ce was used in place of La. 

Example 3 
0065. A Sn-Ag-Prsolder alloy composition was prepared 
as in Example 1, except Pr was used in place of La. 
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Example 4 
0066 A Sn-Ag-Nd solder alloy composition was pre 
pared as in Example 1, except Nd was used in place of La. 

Example 5 
0067 A Sn-Ag-Sm solder alloy composition was pre 
pared as in Example 1, except Sm was used in place of La. 

Example 6 
0068 A Sn-Ag-Gd solder alloy composition was pre 
pared as in Example 1, except Gd was used in place of La. 

Comparative Example 1 
0069. A Sn-Ag solder alloy composition was prepared as 
in Example 1, but no rare earth element was added. 

Reference Examples 1 to 6 
0070 A Sn-rare earth element alloy was prepared by 
adding a rare earth element to Sn So that the content of the 
rare earth element became approximately 2 percent by 
weight; the rare earth elements used were La in Reference 
Example 1, Ce in Reference Example 2, Pr in Reference 
Example 3, Nd in Reference Example 4, Sm in Reference 
Example 5, and Gd in Reference Example 6. Only the 
melting point of each alloy of the Reference Examples was 
measured; the melting point of pure Sn was 232.0° C. 
0071. The melting points, wettability, and mechanical 
Strength of the Sn-Ag-rare earth Solder alloy compositions 
prepared in Examples 1 to 6 are shown in Table 1 together 
with those of Comparative Example 1 and Reference 
Examples 1 to 6. A sample H63 in the bottom row in Table 
1 represents a eutectic Solder of Sn containing 37 percent by 
weight of Pb. 
0072 The melting points will be discussed first. 
0073. The solder alloy composition to which Ce was 
added in Example 2 was compared to the Sn-Agalloy in 
Comparative Example 1 showed a reduction in melting point 
of 2.4°C. The alloy having other rare earth elements showed 
no Substantial change in melting point. 
0074. In wettability, an improvement in the expansion 
ratio could be observed in the solder alloy composition to 
which Sm was added in Example 5. No substantial improve 
ment of the wettability of the alloy having other rare earth 
elements was observed. 

0075. In mechanical strength, no particular improvement 
in the StreSS of the alloy compositions by adding the rare 
earth elements was observed. However, each alloy compo 
Sition including a rare earth element showed Substantially 
higher mechanical strength than that of the Sn-Pb eutectic 
H63. 

0076. In contrast, a good result in strain or an improve 
ment of elongation could be obtained in each alloy including 
a rare earth element. 

0077. Examples 11 to 16 relate to a Sn-Ag-Bi-Cu-rare 
earth element Solder alloy composition. 

Example 11 
0078 A Sn-La base alloy was prepared by adding La to 
Sn melted at 400° C. in a non-oxidizing atmosphere so that 
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the content of La in the alloy was approximately 2.0 percent 
by weight. The composition was adjusted by further adding 
Sn, Ag, Bi, and Cu to the Sn-Labase alloy So that the content 
of each was in accordance with the equations below. Sub 
Sequently, by melting the composition described above at 
400 C. for 2 hours in a non-oxidizing atmosphere, a 
Sn-Ag-Bi-Cu-La Solder alloy composition was obtained. 
0079 
0080) 
0081) 
0082) 

La/(Sn+Ag+Bi+Cu)=0.5 percent by weight 
Ag/(Sn+Ag+Bi+Cu)=2 percent by weight 
Bi/(Sn+Ag+Bi+Cu)=4 percent by weight 
Cu/(Sn+Ag+Bi+Cu)=0.5 percent by weight 

Example 12 
0.083 A Sn-Ag-Bi-Cu-Ce solder alloy composition was 
prepared as in Example 11, except Ce was used in place of 
La. 

Example 13 
0084. A Sn-Ag-Bi-Cu-Pr solder alloy composition was 
prepared as in Example 11, except Pr was used in place of 
La. 

Example 14 
0085. A Sn-Ag-Bi-Cu-Nd solder alloy composition was 
prepared as in Example 11, except Nd was used in place of 
La. 

Example 15 
0.086 A Sn-Ag-Bi-Cu-Sm solder alloy composition was 
prepared as in Example 11, except Sm was used in place of 
La. 

Example 16 
0.087 A Sn-Ag-Bi-Cu-Gd solder alloy composition was 
prepared as in Example 11, except Gd was used in place of 
La. 

Comparative Example 2 
0088 A Sn-Ag-Bi-Cu solder alloy composition was pre 
pared as in Example 11, but no rare earth element was added. 
0089. The melting points, wettability, and mechanical 
Strength of the Solder alloy compositions prepared in 
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Examples 11 to 16 and Comparative Example 2 were 
measured. The measurement results are shown in Table 2. 

0090 No. 5107 in Table 2 represents a five-component 
solder alloy composition of 93.4 Sn-2 Ag-4 Bi-0.5 Cu-0.1 
Ge (each numeral represents percent by weight), which was 
proposed by the inventors of the present invention in Japa 
nese Patent Application No. 9-348212. 

0091. In the melting point, the Sn-Ag-Bi-Cu alloy 
showed no Substantial reduction in melting point by the 
addition of a rare earth element. However, there was no 
undesirable increase of the melting point. 

0092. In a manner similar to the above, the Sn-Ag-Bi-Cu 
alloy showed no substantial improvement in wettability in 
the expansion ratio by the addition of a rare earth element. 
However, there was no undesirable decrease of the expan 
SO. 

0093. In the mechanical strength, an improvement in the 
maximum stress of the alloys by the addition of the rare 
earth elements was observed, except in the alloy composi 
tion described in Example 16 in which Gd was added. The 
maximum StreSS of the alloy composition in Example 16 was 
equivalent to that of the alloy composition having no rare 
earth element described in Comparative Example 2. The 
rupture StreSS of every alloy composition having a rare earth 
element was higher than that of the Sn-Pb eutectic H63. 
0094 Concerning the strain, i.e., the elongation property 
of the mechanical Strength, the maximum Strain and the 
rupture Strain of most alloy compositions having a rare earth 
element were higher than those of the alloy described in 
Comparative Example 2. 

0095 The present invention has been specifically 
described; however, the alloy composition of each Solder 
alloy composition and the amount of rare earth element to be 
added is limited only by the claims. 

0096. It is apparent from the explanation heretofore, 
according to the present invention, that a lead-free Solder 
composition having Superior mechanical properties Such as 
StreSS and Strain, and having properties comparable to a 
conventional lead-free Solder in melting point and wettabil 
ity, may be obtained. Furthermore, the lead-free solder 
composition, which does not include expensive elements 
Such as Ge, can contribute to cost reduction. 

TABLE 1. 

Sn-Ag-Rare Earth Element Solder Alloy Composition 

Rare 
Earth 

Element 

EXAMPLE 1. La 
EXAMPLE 2 Ce 
EXAMPLE 3 Pr 
EXAMPLE 4 Nd 
EXAMPLES Sm 
EXAMPLE 6 Gd 

COMPARATIVE None 
EXAMPLE 1. 

Melting Expansion 
Point Ratio Stress (MPa) Strain (%) 

( C.) (%) Maximum Rupture Maximum Rupture Remarks 

220.8 77 56.1 19.O 41.O 131 Sn-Ag 
218.7 77 75.7 30.7 36.2 89.1 Rare 
232.1 75 75.1 29.4 35.4 71.2 Earth 
221.6 75 69.5 24.6 37.8 94.7 Element 
221.3 78 8O.S 33.3 34.4 82.7 
221.0 74 58.7 22.0 35.1 96.2 
221.1 76 76.4 29.2 31.1 74.3 Sn-Air 
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TABLE 1-continued 
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Sn-Ag-Rare Earth Element Solder Alloy Composition 

Rare Melting Expansion 
Earth Point Ratio Stress (MPa. Strain (% 

Element ( C.) (%) Maximum Rupture Maximum Rupture Remarks 

REFERENCE La 231.3 Sn-Rare 
EXAMPLE 1. Earth 
REFERENCE Ce 231.5 Element 
EXAMPLE 2 
REFERENCE Pr 231.4 
EXAMPLE 3 
REFERENCE Nd 231.9 
EXAMPLE 4 
REFERENCE Sm 231.9 
EXAMPLE 5 
REFERENCE Gd 231.5 
EXAMPLE 6 

H63 183 45.1 18.4 36.2 96.5 Sn-Pb 
Eutectic 

O097 

TABLE 2 

Sn-Ag-Bi-Cu-Rare Earth Element Solder Alloy Composition 

Rare Melting Expansion 
Earth Point Ratio Stress (MPa. Strain (% 

Element ( C.) (%) Maximum Rupture Maximum Rupture Remarks 

EXAMPLE 11 La 210.3 73 106 19.0 56.2 65.9 Sn-Ag 
EXAMPLE 12 Ce 210.1 74 107 3O.7 56.8 65.5 Bi-Cu 
EXAMPLE 13 Pr 210.4 77 103 29.4 45.9 57.O Rare 
EXAMPLE 1.4 Nd 210.3 73 107 24.6 64.2 81.2 Earth 
EXAMPLE 1.5 Sm 210.7 74 102 33.3 58.1 80.9 Element 
EXAMPLE 16 Gd 21O.O 77 92.2 22.O 47.4 68.0 
COMPARATIVE None 210.4 75 93.0 50.2 46.8 62.4 Sn-Ag 
EXAMPLE 2 Bi-Cu 
No. 5107 None 81 101 52.6 34.2 42.O Sn-Ag 

Bi-Cu-Gie 
H63 183 45.1 18.4 36.2 96.5 Sn-Pb 

Eutectic 

What is claimed is: 
1. A Solder alloy composition comprising a Sn-Agalloy 

and a rare earth element. 
2. A Solder alloy composition according to claim 1, 

wherein the Sn-Agalloy comprises approximately 0.1 to 6.0 
percent by weight of Ag and the balance being Substantially 
Sn. 

3. A Solder alloy composition according to claim 1, 
wherein the amount of the rare earth element is not more 
than 5 percent by weight of the Sn-Agalloy. 

4. A Solder alloy composition according to claim 1, 
wherein the rare earth element is at least one Selected from 
the group consisting of La, Ce, Pr, Nd, Sm, and Gd. 

5. A Solder alloy composition comprising a Sn-Ag-Bi-Cu 
alloy and a rare earth element. 

6. A Solder alloy composition according to claim 5, 
wherein the Sn-Ag-Bi-Cu alloy comprises not more than 6.0 

percent by weight of Ag, not more than 8.0 percent by 
weight of Bi, not more than 5.0 percent by weight of Cu, and 
the balance being Substantially Sn. 

7. A Solder alloy composition according to claim 5, 
wherein the Sn-Ag-Bi-Cu alloy comprises 1.5 to 3.0 percent 
by weight of Ag, 0.5 to 5.0 percent by weight of Bi, 0.1 to 
3.0 percent by weight of Cu, and the balance being Substan 
tially Sn. 

8. A Solder alloy composition according to claim 5, 
wherein the amount of the rare earth element is not more 
than 5 percent by weight of the Sn-Ag-Bi-Cu alloy. 

9. A Solder alloy composition according to claim 5, 
wherein the rare earth element is at least one Selected from 
the group consisting of La, Ce, Pr, Nd, Sm, and Gd. 


