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(57) ABSTRACT 

A lead material for an electronic part having no adverse 

effect on the environment, having excellent solderability, 
desirable Welding strength during Welding and a loW degree 
of nonuniform thickness of the plated layer during re?oW 
processing. The lead material has a ?rst plated layer and a 
second plated layer, both of Which do not contain Pb, 
laminated on the surface of a conductive substrate in such 

order. The melting point of the second plated layer is loWer 
than that of the ?rst plated layer. The ?rst and second plated 
layers are made of a Sn substance and a Sn alloy, respec 
tively or vice versa. 

20 Claims, 2 Drawing Sheets 
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LEAD MATERIAL FOR ELECTRONIC PART, 
LEAD AND SEMICONDUCTOR DEVICE 

USING THE SAME 

Matter enclosed in heavy brackets [ ] appears in the 
original patent but forms no part of this reissue speci? 
cation; matter printed in italics indicates the additions 
made by reissue. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a lead material for an 
electronic part, a lead and a semiconductor device using the 
same. More particularly, the present invention relates to a 
lead material for an electronic part Wherein the surface of a 
conductive substrate is coated With a plated layer made of a 
Sn group material Which does not contain Pb. The lead 
material does not give an adverse in?uence to the environ 
ment because it does not contain no Pb, and also has 
excellent solderability (or solder Wettability) and provides a 
strong junction With a solder, and does not cause nonuniform 
thickness of the plated layer even in re?oW processing. 

2. Description of the Related Art 

A lead material having a conductive substrate, such as a 
Cu substance or a Cu alloy, of Which surface is coated With 
a plated layer made of a Sn substance or a Sn alloy 
represented by a solder, is a high-performance conductor 
Which not only shoWs an excellent conductive property and 
mechanical strength based on the characteristics of the Cu 
substance or the Cu alloy, but also shoWs corrosion resis 
tance and good solderability based on the characteristics of 
the Sn substance or the Sn alloy. The lead material is Widely 
used in such ?eld as electronic/electric equipment ?eld as 
various types of terminals, connectors and leads or a poWer 
cable ?eld. 

When mounting semiconductor chips on a circuit board, 
the outer lead part of a semiconductor chip is subjected to 
solder by hot dipping or electroplating, thereby improving 
the solderability of the outer lead part. 

HoWever, in the above-stated lead material, if the plated 
layer coating the conductive substrate is made of a Sn 
substance, the folloWing problems can occur. 

First, Sn Whiskers (acicular single crystals) groW up on 
the Sn plated layer thus formed, Which cause a short-circuit 
accident. This problem can be solved by applying re?oW 
processing to the Sn plated layer. 

Nonetheless, the melting point of the Sn substance is 
relatively high, i.e., 232° C., and the Sn plated layer is easily 
oxidized by the environment of the heat applied during a 
solder assembly step (i.e., a step of providing a purposed 
member by using a solder). Due to this, the solderability of 
the Sn plated layer disadvantageously deteriorates. 

In the case of a lead Wire for a condenser, padding is 
applied to the portion Where the lead Wire is Welded to a 
Welding target, for example, an aluminum Wire. As a result, 
the plated layer becomes thicker. If the above-mentioned 
re?oW processing is conducted on such a lead Wire, the 
padding of the Sn plated layer becomes disadvantageously 
nonuniform in thickness. 

Meanwhile, if a plated layer is made of a Sn alloy, no 
Whiskers groW up unlike the Sn plated layer. The typical Sn 
alloy mentioned above is a solder (Sn—Pb alloy), and it has 
been Widely used. 

HoWever, it is knoWn that Pb contained in the solder has 
an adverse effect on human bodies. For that reason, in spite 
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2 
of its excellent properties, use of the solder is shunned. 
Recently, therefore, Sn alloys Which do not contain Pb, that 
is, a Sn—Ag alloy, a Sn—Bi alloy, a Sn—In alloy and a 
Sn—Zn alloy have taken the place of the Pb-containing Sn 
alloy. 

HoWever, the lead material having a plated layer formed 
of any of those Sn alloys, has the folloWing problems. 

First, melting points of those alloys are relatively loW. 
Due to this, Cu Which is a constituent material for a 
conductive substrate thermally diffuses to the surface of the 
Sn alloy plated layer by heat applied during the solder 
assembly step, and resulting in the solderability of the Sn 
alloy plated layer to disadvantageously deteriorate. 

Furthermore, When a lead Wire is Welded to, for example, 
an aluminum Wire, the temperature of the Welded portion is 
as close as 2000° C. in a moment and therefore elements 
such as Zn, Bi and In Within the Sn alloy plated layer 
evaporate in a moment in the vicinity of the Welded portion. 
As a result, bloW holes are generated in the Welded portion 
and the Welding strength is loWered. Cu diffuses thermally 
from the conductive substrate to the Welded portion and a 
Cu—Sn compound layer is formed on the surface of the lead 
material. This might cause a change in the color of the 
surface and deterioration of solderability. 
Among those alloys exempli?ed as Sn alloys Which do 

not contain Pb, the Sn—Ag alloy and the Sn—In alloy are 
expensive besides the above-stated disadvantages. The 
Sn—Bi alloy has loW heat resistance to thereby cause the 
thermal diffusion of Cu in the conductive substrate and has 
a loW bending property to thereby cause cracks to easily 
occur on the plated layer. The Sn—Bi alloy also has a 
disadvantage in that the junction strength of the junction part 
formed after soldering deteriorates as time passes. 
Moreover, the Sn—Zn alloy has loW heat resistance. 

OBJECTS AND SUMMARY OF THE 
INVENTION 

It is therefore an object of the present invention to provide 
a lead material for an electronic part capable of solving the 
above-stated problems inherent to the conventional lead 
material Which does not use a solder plated layer to thereby, 
for example, eliminate the adverse effect of Pb, having 
excellent solderability, having a Welding strength of the part 
Where the lead is Welded to, for example, an aluminum Wire, 
and preventing nonuniform thickness of the plated layer, 
even if the entire plated layer is made thick and re?oW 
processing is conducted. 

It is another object of the present invention to provide a 
lead manufactured by using the above-stated electronic lead 
material and further to provide a semiconductor device using 
the lead. 

To attain the above objects, the present invention provides 
a lead material for an electronic part characterized in that: 

a ?rst plated layer and a second plated layer are provided 
on a surface of a conductive substrate in this order; and 

a melting temperature of a material for the second plated 
layer is loWer than that of a material for the ?rst plated 
layer. 

Speci?cally, the present invention provides a lead mate 
rial for an electronic part (to be referred to as a ?rst lead 
material) Wherein a ?rst plated layer is made of a Sn 
substance and a second plated layer is made of a Sn alloy 
containing at least one element selected from a group of Ag, 
Bi, Cu, In and An. Alternatively, the present invention 
provides a lead material for an electronic part (to be referred 
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to as a second lead material) wherein a ?rst plated layer is 
made of a Sn alloy containing at least one element selected 
from a group of Ag, Cu, Sb and Y and a second plated layer 
is made of a Sn substance. 

Moreover, the present invention provides a lead using the 
above-mentioned lead material for an electronic part and a 
semiconductor device using the lead. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a sectional vieW shoWing an example of a lead 
material according to the present invention; 

FIG. 2 is a plan vieW of a lead frame for a semiconductor 
device, exemplifying leads according to the present inven 
tion; and 

FIG. 3 is a sectional vieW of a semiconductor device 
having a semiconductor chip mounted on the lead frame of 
FIG. 2. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

FIG. 1 is a cross-sectional vieW shoWing the fundamental 
structure of a lead material A according to the present 
invention. In FIG. 1, the lead material has a double-layer 
structure in Which a ?rst plated layer 2 and a second plated 
layer 3, Which Will be described later, are provided in this 
order on the surface of a conductive substrate 1. In the lead 
material A, the melting temperature (to be referred to as T2) 
of the uppermost layer, that is, the second plated layer 3 is 
loWer than the melting temperature (to be referred to as T1) 
of the ?rst plated layer 2 located beloW the second plated 
layer 3. 

The material for the conductive substrate 1 of the lead 
material Amay be optionally selected from materials at least 
of Which surfaces are conductive, such as materials of the Cu 
group, the Fe group, the Ni group and the Al group. The 
materials are appropriately selected depending on the pur 
pose of the lead material. Among those materials, at least 
constituent materials for the surface of conductive substrate 
1 are preferably a Cu substance or a Cu alloy. In particular, 
if the lead material requires a large mechanical strength, it is 
preferable that a core is made of, for example, steel and a 
surface surrounding the core is coated With a layer of a Cu 
substance or a Cu alloy. If the lead material requires an 
excellent conductive property, the lead is preferably made of 
a Cu substance. The shape of the conductive substrate is not 
limited and it may be optionally rod-like, Wire-like, bar-like, 
plate-like, tubular or the like. 

The lead material A shoWs the folloWing effect. 
First, let is be assumed that the soldering temperature T 

satis?es the relationship expressed as T2§T<T1 When sol 
dering is conducted on the uppermost layer. In that case, 
even if the uppermost layer, that is, the second plated layer 
3 is melted, the ?rst plated layer 2 located beloW the second 
plated layer 3 is not melted. Due to this, the ?rst plated layer 
2 functions as a barrier against Cu and the like of being 
diffused from the conductive substrate 1 resulting from the 
heat applied during soldering. This makes it possible to 
prevent the solderability of the lead material A from dete 
riorating and therefore to realiZe a good junction strength 
betWeen the lead material and the solder. 

Let it be assumed that the thickness of the ?rst plated layer 
2 is t1 and the thickness of the second plated layer 3 is t2. 
In this case, although the entire thickness of the plated 
layers, that is, t1+t2 is large as a Whole, thickness t2 is 
thinner, and the entire plated layers are subjected to re?oW 
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4 
processing. In these conditions, it is possible to prevent the 
thick ?rst plated layer 2 from melting While the thin second 
plated layer 3 is melted. This can prevent nonuniform 
thickness of the plated layers from occurring after the re?oW 
processing. 

The folloWing modes can be proposed for the lead mate 
rial according to the present invention. 
The ?rst lead material comprises a ?rst plated layer 2 

made of a Sn substance (melting point: 231.9° C.) and a 
second plated layer 3 made of a Sn alloy (I) containing at 
least one of the element selected from a group of Ag, Bi, Cu, 
In and Zn. 
The second lead material comprises a ?rst plated layer 2 

made of a Sn alloy (II) containing at least one of element 
selected from a group of Ag, Cu, Sb and Y and a second 
plated layer 3 made of a Sn substance. 

To be more speci?c, the lead material as described above 
has a double-layer structure in Which one plated layer is 
made of a Sn substance and the other is made of a Sn alloy 
(I) or a Sn alloy (II). In the case of the ?rst lead material, the 
uppermost second plated layer 3 is made of the Sn alloy (I) 
having a loWer melting point than that of the Sn substance. 
In the case of the second lead material, the uppermost 
second plated layer 3 is made of a Sn substance and the ?rst 
plated layer 2 is made of the Sn alloy (II) having a higher 
melting point than that of the ?rst plated layer 2. 
The ?rst lead material Will noW be described in detail. 
Sn alloys (I) for use for the ?rst lead material may be 

multiple-element alloys including, for example, a Sn—In— 
Ag alloy, a Sn—Zn—In alloy and a Sn—Bi—Ag—Cu in 
addition to tWo-element alloys such as a Sn—Ag alloy, a 
Sn—Bi alloy, a Sn—Cu alloy, a Sn—In alloy and a Sn—Zn 
alloy. In those alloys, the alloy composition must be adjusted 
such that the melting temperature of any alloy is loWer than 
that of a Sn substance. 

In the case of the above-state tWo-element alloys, for 
example, the Sn—Ag alloy requires limiting the upper limit 
of the Ag percentage content to 5 Wt %. The Sn—Bi alloy 
requires limiting that of the Bi percentage content to 87 Wt 
%. The Sn—Cu alloy requires limiting that of the Cu 
percentage content to 2 Wt % and the Sn—Zn alloy requires 
limiting the upper limit of the Zn percentage content to 12 
Wt %. If the percentage contents thereof exceed upper limits, 
respectively, melting temperatures thereof become higher 
than that of the Sn substance. If so, they are unsuitable for 
materials of the second plated layer 3 of the ?rst lead 
material according to the present invention. 

In the case of a Sn—In alloy, its melting temperature is 
loWer than that of the Sn substance only by making In 
contain to Sn substance. For this reason, there is no limit to 
the upper limit of the In percentage content. HoWever, if In 
is contained in an amount Which is too much, When the 
second plated layer 3 is directly exposed to high temperature 
heat during the Welding of the ?rst lead material to, for 
example, an aluminum Wire, the evaporated In causes bloW 
holes to be generated at the Welded part, thereby loWering 
the Welding strength. It is therefore preferable that the In 
percentage content in the Sn—In alloy should be limited to 
50 Wt % or less. 

As for the Sn—Bi alloy, the Bi percentage content up to 
87 Wt % is alloWable in consideration of melting points. 
HoWever, if the lead material a provides junction With a 
solder and 20 Wt % or more Bi exists at the soldered part, the 
junction strength of the soldered part gradually deteriorates. 
Further, if the Sn—Bi alloy contains a considerable amount 
of Bi, bloW holes are generated at the Welded part as in the 
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case of the In containing alloy and a Welding strength is 
thereby lowered. Taking these respects into consideration, 
the alloy composition is preferably adjusted such that the Bi 
percentage content at the junction part after soldering is 20 
Wt % or less. Namely, using a Sn—Bi alloy having a Bi 
content of 30 Wt % or less as the Sn alloy (I) is generally 
preferred, though this cannot be generaliZed because it 
depends upon the soldering condition. 
Among the above-described Sn alloys (I), the Sn—Ag 

alloy and the Sn—In alloy are relatively expensive. The 
Sn—Zn alloy and the Sn—In alloy may experience color 
change due to oxidation during soldering and thereby dete 
riorate. Likewise, the Sn—Cu alloy may experience color 
change due to oxidation and therefore deteriorate. The 
Sn—Bi alloy is the most useful industrially. This is because 
the Sn—Bi alloy is less expensive among those Sn alloys (I) 
and excellent in oxidation resistance. 

The second lead material Will next be described in detail. 
Sn alloys (II) for use in the second lead material may be 

multiple-element alloys including, for example, a Sn—Ag— 
Cu alloy and a Sn—Ag—Sb alloy, in addition to tWo 
element alloys such as a Sn—Ag alloy, a Sn—Cu alloy, a 
Sn—Sb alloy and a Sn—Y alloy. In any case, the alloy 
composition must be adjusted such that the melting tem 
perature of the alloy is higher than that of the Sn substance. 
As regards the above-described tWo-element alloys, for 

example, the Ag percentage content of the Sn—Ag alloy can 
be set to 5 Wt % or more and the Cu percentage content of 
the Sn—Cu alloy can be set to 2 Wt % or more. In addition, 
When the Sn—Sb alloy and the Sn—Y alloy contain only Sb 
and Y, respectively, their melting temperatures are higher 
than that of the Sn substance. For that reason, there is no 
need to limit percentage contents of Sb and Y in consider 
ation of the melting temperature. 

HoWever, if those elements are contained in the respective 
alloys too much, not only heat resistances thereof reach a 
saturated state, but also the costs of such alloys as a Sn—Ag 
alloy and a Sn—Y alloy increase. In the case of the Sn—Sb 
alloy, the ?rst plated layer 2 is located beloW the uppermost 
Sn plated layer 3. Thus, there is a possibility that bloW holes 
are generated during Welding of the lead material to the 
aluminum Wire, although less likely than the Sn alloy (I) of 
the ?rst lead material. It is therefore preferable that the 
percentage contents of these elements in the Sn alloys (II) 
are set to 20 Wt % ore less. 

In both cases of the ?rst least material and the second lead 
material, it is preferable that the thickness t1 of the ?rst 
plated layer 2 is set to 1 to 15 pm, the thickness t2 of the 
second plated layer 3 is set to 0.5 to 5 pm and that the 
thickness t1 and t2 satisfy the relationship expressed as 
t2/t1 § 1. 

If the thickness t1 of the ?rst plated layer 2 is smaller than 
1 pm, the ?rst plated layer 2 does not effectively function as 
a barrier against Cu and the like being thermally diffused 
from the conductive substrate during soldering. Besides, the 
thickness t1 larger than 15 pm is not only Wasteful, but also 
causes plating deformation in the formed plated layers to 
groW, Whereby the plated layers are easily peeled off from 
the substrate and cracks occur. 

If the thickness t2 of the second plated layer 3 is smaller 
than 0.5 pm, padding of the Welded part cannot be conducted 
While the lead material is Welded to, for example, an 
aluminum Wire. If the thickness t2 is larger than 5 pm, 
nonuniform thickness of the plated layer might occur during, 
for example, re?oW processing. 

It is therefore preferable that the thickness t1 and the 
thicknesses t2 of the plated layers are set to fall Within the 
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6 
above-stated ranges While the sum of the thicknesses (t1+t2) 
of the tWo plated layers is betWeen 5 and 15 pm. 

It is also preferable that the thickness t1 of the ?rst plated 
layer 2 and the thickness t2 of the second plated layer 3 
satisfy the relationship expressed as t2/t1é1, that is, the 
second plated layer 3 is thinner than the ?rst plated layer 2. 
The reasons are as folloWs. In the case of the ?rst lead 

material, if the second plated layer 3 is formed of a Sn—Ag 
ally or a Sn—In alloy, it is possible to reduce costs Without 
deteriorating the function of the lead material by making the 
expensive alloy plated layer thinner. 

If the second plated layer 3 of the ?rst lead material is 
formed of a Sn—Bi alloy, the ?rst plated layer 2 is made 
thicker to prevent thermal diffusion of Cu and the like from 
the substrate. By doing so, While ensuring solderability of 
the Sn—Bi plated layer 3, the layer 3 is made thinner, 
thereby making it possible to provide a good bending 
property. 

Furthermore, during, for example, soldering and re?oW 
processing, or Welding the lead material to, for example, an 
aluminum Wire, if the tWo-layer structure plated layers are 
melted, then components such as Bi or Ag contained in a 
neW plated layer formed during re-solidifying after melting 
are in the state of dilution by Sn. If, for example, the second 
plated layer of the ?rst lead material is made of a Sn—Bi 
alloy, the Bi percentage content in the neWly formed plated 
layer is decreased. Thus, by making the thickness (t2) of the 
second plated layer smaller, it is possible to decrease the Bi 
percentage content in the neW plated layer and to thereby 
prevent junction strength of the junction part from gradually 
loWering after soldering. 

In particular, in the case of the ?rst lead material, it is 
preferable that the thickness of the second plated layer 3 is 
40% or less of the entire thickness of the tWo-layer structure. 
In other Words, the thickness t2 and t1 preferably satisfy the 
relationship expressed as t2/t1§0.67. This is because favor 
able characteristics can be obtained With respect to costs, 
solderability, heat resistance junction strength With solder 
and Welding strength of Welding part With aluminum Wire. 
As regards the thickness of the respective plated layers 

satisfying the above-stated relationship, it is further prefer 
able that t1 is set to fall Within the range of 6 to 10 pm, t2 
is 1 to 3 pm and t2/t1 is 0.1 to 0.5 to further improve 
performance of the lead material. 

The lead material according to the present invention can 
be fabricated by subjecting the surface of the conductive 
substrate 1 to electroplating or hot dipping, for example. At 
that time, if the surface of the conductive substrate 1 is 
preferably base-plated With Ni or Cu in advance, the base 
plated layer effectively functions as a barrier to prevent 
thermal diffusion of Cu and the like from the conductive 
substrate 1. Thus, the base plated layers can have improved 
heat resistance and the lead material thus obtained is pro 
vided With excellent solderability. Particularly, it is useful if 
the second plated layer 3 is made of the Sn—Bi alloy of loW 
melting point. 

In the case of the lead material according to the present 
invention, plated layers are formed on the surface of the 
substrate and then re?oW processing is preferably conducted 
to melt and re-solidify at least the second plated layer 3. This 
is particularly effective in the second lead material. The 
reason is that the second plated layer 3, that is, the Sn plated 
layer is melted and the surface is smoothed, thereby improv 
ing oxidation resistance and solderability. 
At this time, it is preferable that at least part of the ?rst 

plated layer 2 located beloW the second plated layer 3 is 
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prevented from melting by temperature control. The reason 
Why is that the lead material can be made uniform in 
thickness after re?oW processing. 
Alead Wire fabricated using the above-stated material and 

a lead frame are examples of the lead provided by the 
present invention. Adiode and a condenser using the above 
stated lead material as a lead Wire, or a lead frame on Which 
IC components are mounted are examples of a semiconduc 
tor device provided by the present invention. 

For example, in the plan vieW of FIG. 2 shoWing a lead 
frame for a semiconductor device according to the present 
invention, reference numeral 4 denotes an inner lead part, 5 
denotes an outer lead part, and 6 denotes a die pad. An 
aluminum plate 8 coated With an insulating ?lm 7 is placed 
beneath the die pad 6, and a semiconductor chip 9 is 
mounted on the die pad 6 With the inner lead part 4 sealed 
in a molded resin 10, thereby obtaining a semiconductor 
device of the present invention shoWn in FIG. 3. 

8 
With JIS C 0051. Namely, the lead Wire Was Welded to an 

aluminum Wire. Thereafter, a load of one kilogram Was 
suspended from the lead Wire provided on the loWer 
position, the aluminum Wire Was seiZed by a chuck and 
rollers Were brought into contact With both sides of the 
Welded part. In this state, the chunk Was sWung right and left 
alternately to give sWing movement to the aluminum Wire, 
thereby repeatedly providing the Welded part to 90° bending. 

10 The sWing frequency Was counted in such a manner that the 
chuck Was sWung left and returned (?rst sWing) and sWung 
back right (second sWing) and the like. The frequency from 
start until the Welded part Was broken Was measured. 

15 

The evaluation results are shoWn in Table 1. 

TABLE 1 

Entire plated layers 

Concent 
First plated layer Second plated layer ration of Characteristics 

Melting Melting Entire components Solder 
point Thickness point Thickness thickness other than Sn ability Welding 

Type (O C.) (tyum) Type (O C.) (tzum) (t3 + t2 ,um) t2/t1 (Wt %) (%) strength 

Example 1 Sn 232 6 Sn-5% Bi 238 4 10 0.67 Bi:2 97 9 
Example 2 Sn 232 8 Sn-50% Bi 156 2 10 0.25 Bi:10 99 7 
Example 3 Sn 232 5 Sn-20% Bi 209 1 6 0.2 Bi:3 98 9 
Example 4 Sn 232 8 Sn-10% Bi 222 3 11 0.38 Bi:3 97 9 
Example 5 Sn 232 5 Sn—10% In 213 3 8 0.6 In:4 95 9 
Example 6 Sn 232 8 Sn-1% Cu 227 2 10 0.25 Cu:0.2 92 10 
Example 7 Sn 232 8 Sn—10% Zn 212 4 12 0.5 Zn:3 92 9 
Example 8 Sn 232 3 Sn-20% Bi 209 1 4 0.33 Bi:5 98 8 
Example 9 Sn 232 6 Sn-10% Bi 222 6 12 1.0 Bi:5 97 8 
Example 10 Sn 232 8 Sn-7% Bi 205 4 12 0.5 Bi + Ag:3 97 9 

-3% Ag 
Example 11 Sn 232 6 Sn-2 Bi 230 4 10 0.67 Bi:1 89 10 
Example 12 Sn 232 7 Sn-80 Bi 209 3 10 0.43 Bi:24 90 
Comparison Sn Plated layer (one layer only) (Thickness 10 ,um) 85 10 
example 1 
Comparison Sn—10% Bi Plated layer (one layer only) (Thickness 10 ,um) 90 7 
example 2 
Comparison Sn—10% Zn Plated layer (one layer only) (Thickness 10 ,um) 89 6 
example 3 

45 

EXAMPLES The folloWing characteristics can be seen form the Table 

Examples 1 to 12 and Comparison Examples 1 to 3 

A ?rst plated layer and a second plated layer shoWn in 
Table 1 Were formed and a lead Wire of the ?rst lead material 
according to the present invention Were manufactured by 
alloWing a copper coated steel Wire to sequentially travel in 
an electrolytic degreasing vessel, an acid cleaning vessel, a 
Sn plated vessel and a Sn alloy plated vessel. 

After holding each of the lead Wires Within an air bath for 
24 hours at 155° C., solderability (or solder Wettability) and 
Welding strength When Welding the lead Wire to an alumi 
num Wire Were evaluated With the folloWing speci?cations. 

Solderability: After dipped into a molten eutectic solder of 
a temperature of 230° C. for tWo seconds, the lead Wire Was 
pulled up and a solder Wetted area Was measured and the 
measured area With respect to a lead Wire dipped area Was 
expressed in percentage. The higher measured value indi 
cates the more excellent solderability. 

Welding strength When Welding a lead Wire to an alumi 
num Wire: Welding strength Was measured in accordance 

1 
(1) The lead material according to the present invention 

has good solderability and Welding strength. As is evident 
50 from comparison of Examples 4, 5 and 7 Where percentage 

contents of components other than Sn in the used Sn alloy 
(II) are equally 10 Wt %, the lead material in Example 4 
having the second plated layer made of a Sn—Bi alloy has 
better solderability than in any other Example, though they 

55 differ from one another in the thickness of the second plated 
layer. From this, it is obvious that the second plated layer of 
the ?rst lead material, if made of a Sn—Bi alloy, is bene? 
cial. 
Even if the second plated layer is made of a Sn—Bi alloy, 

60 too high Bi percentage content leads to deterioration in 
solderability though Welding strength is improved. Too loW 
Bi percentage content also leads to deterioration in both 
solderability and Welding strength. As can be understood 
from this fact, the Bi percentage content in the plated layer 

65 is preferably betWeen 5 and 30 Wt %. 
(2) Comparison is made betWeen Example 1 and Com 

parison Example 1. They are the same in the thickness of the 
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plated layer located above the substrate, that is, 10 pm. 
Compared With Example 1, the Welding strength is slightly 
improved, but the solderability greatly deteriorates in Com 
parison Example 1. 

10 
Examples 13 to 45 and Comparison Examples 4 

and 5 

The reason the Welding Strength it} ComparisonExamp1e 5 As shoWn in Tables 2 and 3, a pure copper Wire having a 
1 1S hhproved more greatly than that In Example 1 Is that the diameter of 0.6 mm Was plated With Ni to form a base-plated 
plated layer of companson Example 1 15 made of a Sn la er of a thickness of 05 m Thereafter the ?rst lated 
substance and no other components causing bloW holes 1 y d h d 1 ' (it; ' h . ’ T b1 2p d 3 
during Welding are included in the layer. Nonetheless, there ayer an t e_secoh p ate ayer 5 own In a es ah 
exists only one plated layer and no barrier function t0 Were sequentially formed on the resultant base-plated layer. 
prevent Cu diffusion from the substance during soldering is 10 
glvhh' A2 a restilt’lsolderablhty greatly detenorates 1h Com' Next, the respective Wires Were heated in an air bath at a 
panson lump 7 ' . temperature of 170° C. for 48 hours. Thereafter, under 

(3) As is obvious from a comparison of Example 4 and - - - - 
- - conditions shoWn in Tables 2 and 3, re?oW processing Was 

Comparison Example 2, and Example 7 and Comparison d d h Af 1 . f h n 
Example 3, it is useful to provide a Sn plated layer having 15 Con hcte t ereto' _ ter Com? etloh O t e rt? OW 
a higher melting point than that of a Sn_10% Bi plated layer processing, they'Were instantly sub] ected to Water cooling to 
beloW the Sn-10% Bi plated layer (comparison of Example thereby re'sohdlfy molten Plated layers 
4 With Comparison Example 2) and to provide a Sn plated 
layer havlhg a hlgher meltlhg polht than that of a Sh'10% Zh Solderability and the degree of nonuniform thickness of 
pialtied lay? gelotglttée Sh'1Q% ZE plate? lgyer (compansoh 2O re-solidi?ed layers of each of the obtained Wires were 
0 Xamp 6 W1 Ompansoh Xamp _e _ measured With the folloWing speci?cations. 

Moreover, When the respective lead Wires Were left in the 
atmospheric environment for a long period of time, Whiskers _ _ 
are generated in Comparison 1. HoWever, no Whiskers Were solderablhtyi Same as Examples 1 to 12 
seen on other lead Wires having surfaces formed of Sn 

25 . . . . 

ahoys' _ _ _ The degree of nonuniform thickness of re-solidi?ed layers 

The respectlve lead wlgesswfre subltéctiid to “3??” pro‘ after re?oW processing: Wires Were cut to a length of 10 cm 
cesslhg at a tlgmperaturhfo 7 at a efe ?atelo git) 70 and thickness of 30 points on the neW plated layers Were 
m/mlhutes' O hohuhl Orm t. 16 ness .0 t e p ate ayer measured using ?uorescent X-rays. The degree of nonuni 
occurred to the lead Wires having the thickness of the entire - - - - 

form thickness of re-solidi?ed layers in each case Was 
plate layers greater than 10 pm (Examples 4, 7 and 10) 30 . . . 

- - - - expressed as a difference betWeen a maximum thickness and 
Whereas it did in Comparison Example 1. . . . 

. . a minimum thickness. 
After the re?oW processing, no Whiskers are generated to 

the lead Wires in the Examples 1 to 12, Comparisons 
Examples 1 to 3. The results are shoWn in Tables 2 and 3. 

TABLE 2 

Characteristics 

The 
degree 

RefloW of non 

Plated layer Entire processing uniform in 

Presence First plated layer Second plated layer plated Feed thickness 

of N2 base Melting Thick- Melting Thick- layers Temp- rate Solder- of re 
lated oint ness oint ness thickness erature m/ abilit solidifed P P P Y 

layer Type (O C.) (tzum) Type (O C.) (thum) (t3 + tzum) t2/t1 (O C.) minute) (%) layer (turn) 

Example 13 Present Sn 232 8 Sn—7% Bi 226 0.5 8.5 0.06 750 49 90 0.1 
Example 14 Present Sn 232 8 Sn—7% Bi 226 1 9 0.13 750 50 95 0.1 
Example 15 Present Sn 232 8 Sn—7% Bi 226 2 10 0.25 750 50 95 0.2 
Example 16 Present Sn 232 8 Sn—7% Bi 226 4 12 0.5 750 51 90 0.2 
Example 17 Present Sn 232 8 Sn—7% Bi 226 8 16 1 750 52 85 0.4 
Example 18 Present Sn 232 8 Sn—7% Bi 226 12 20 1.5 750 53 85 0.6 
Example 19 Present Sn 232 0.5 Sn—7% Bi 226 2 2.5 4 750 50 80 0.2 
Example 20 Present Sn 232 1 Sn—7% Bi 226 2 3 2 750 50 80 0.2 

Example 22 Present Sn 232 2 Sn—7% Bi 226 2 4 1 750 50 85 0.2 
Example 22 Present Sn 232 4 Sn—7% Bi 226 2 6 0.5 750 50 90 0.2 
Example 23 Present Sn 232 12 Sn—7% Bi 226 2 14 0.17 750 50 90 0.2 

Example 24 Present Sn 232 18 Sn—7% Bi 226 2 20 0.11 750 50 85 0.2 
Example 25 Present Sn 232 8 Sn—3% Bi 230 2 10 0.25 750 48 85 0.2 

Example 26 Present Sn 232 8 Sn—5% Bi 228 2 10 0.25 750 49 90 0.2 
Example 27 Present Sn 232 8 Sn—10% 222 2 10 0.25 750 51 90 0.2 

Bi 

Example 28 Present Sn 232 8 Sn—30% 192 2 10 0.25 750 55 90 0.1 
Bi 

Example 29 Present Sn 232 8 Sn-60 Bi 149 2 10 0.25 750 62 80 0.1 
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TABLE 3 

Characteristics 

The 
degree 

Re?ow of non 

Plated laver Entire processing uniform in 

Presence First plated laver Second plated laver plated Feed thickness 

of N2 base Melting Thick- Melting Thick- layers Temp- rate Solder- of re 
plated point ness point ness thickness erature (m/ ability solidifed 
layer Type (O C.) (tzum) Type (O C.) (tzum) (t2 + tzum) t3/t‘ (0 C.) minute) (%) layer (,um) 

Example 30 Present Sn 232 8 Sn—3% Ag 223 2 10 0.25 750 48 85 0.2 
Example 31 Present Sn 232 8 Sn—10% In 223 2 10 0.25 750 53 80 0.1 
Example 32 Present Sn 232 8 Sn—5% Zn 213 2 10 0.25 750 42 80 0.3 
Example 33 Present Sn 232 8 Sn—3% Ag 207 2 10 0.25 750 55 90 0.1 

-7% Bi 
Example 34 Not Sn 232 8 Sn-7% Bi 226 2 10 0.25 750 50 90 02 

Present 
Example 35 Not Sn 232 4 Sn-7% Bi 226 2 6 0.5 750 50 85 0.2 

Present 
Example 36 Present Sn 232 8 Sn—7% Bi 226 2 10 0.25 — — 90 Not 

measured 
Example 37 Present Sn 232 8 Sn—10% 222 2 10 0.25 — — 90 Not 

Bi measured 
Example 38* Present Sn 232 8 Sn—7% Bi 226 2 10 0.25 750 40 90 0.9 
Example 39 Present Sn—10% 304 4 Sn 232 1 5 0.25 750 43 85 0.3 

Ag 
Example 40 Present Sn—10% 304 4 Sn 232 2 6 0.5 750 41 85 0.3 

Ag 
Example 41 Present Sn—10% 304 4 Sn 232 4 8 1 750 40 85 0.8 

Ag 
Example 42 Present Sn—10% 304 4 Sn 232 8 12 2 750 40 80 1.2 

Ag 
Example 43 Present Sn—10% 304 4 Sn 232 4 8 1 750 40 85 0.9 

Ag 
Example 44 Present Sn—2% 230 8 Sn—10% 222 2 10 0.25 750 52 85 0.2 

Bi Bi 
Example 45 Present Sn—3% 223 8 Sn—10% 222 2 10 0.25 750 52 90 0.3 

Ag Bi 
Comparison Not Sn 232 10 — — — 10 — 750 40 60 2.5 

example 4 present 
Comparison Not Sn—10% 222 10 — — — 10 — 750 55 40 0.3 

example 5 present Bi 

*Pure copper bar instead of pure copper wire is used 

The following characteristics can be seen from the Tables 
2 and 3. 

(1) Solderability is 80 to 95% and the degree of nonuni 
form thickness of re-solidi?ed layer is 0.1 to 1.2 pm in all 
Examples. Compared with Comparison Example 4 where 
there is only one Sn plated layer, Solderability is consider 
ably excellent and the degree of nonuniform thickness of 
re-solidi?ed layer is small. 

(2) The Examples 13 to 18 illustrate ?rst lead materials 
which are the same in the ?rst plated layer and different in 
the thickness of the second plated layer. If the second plated 
layer becomes thicker such that t2/t1 exceeds 1, Solderability 
begins to deteriorate and the degree of nonuniform thickness 
of re-solidi?ed layer begins to be large. Conversely, as in the 
case of Example 13, if the second plated layer becomes 
thinner such that t2/t1 is smaller than 0.1, the degree of 
nonuniform thickness of re-solidi?ed layer is small but 
Solderability begins to deteriorate. As can be seen from this, 
the thickness of the second plated layer preferably falls 
within the range of 0.5 to 5 pm. 

(3) The Examples 19 to 24 illustrate ?rst lead materials 
which are the same in second plated layer, but different in the 
thickness of the ?rst plated layer. If the ?rst plated layer is 
thinner, Solderability deteriorates and thereby its function as 
a barrier is lowered. Conversely, however, if the ?rst plated 

45 

50 

55 

60 

65 

layer is too thick, Solderability approaches a saturated state. 
As can be seen from this, the thickness of the ?rst plated 
layer is preferably 1 to 15 pm. 

(4) The Examples 25 to 29 illustrate ?rst lead materials 
which are the same except for the different compositions of 
the Sn—Bi alloy forming the second plated layer. If the Bi 
percentage content is too high or too low, deterioration in 
Solderability is recognized. In particular, if the Bi percentage 
content is 3 wt % (Example 25), the degree of nonuniform 
thickness of re-solidi?ed layer becomes large. As can be 
seen from this, if the second plated layer is made of a Sn—Bi 
alloy, the Bi percentage content in the second plated layer is 
preferably 5 to 30 wt %. 

(5) The Examples 30 to 33 illustrate ?rst lead materials 
having different alloy compositions of the second plated 
layers. In every case, good Solderability is recognized and so 
is the degree of nonuniform thickness of the re-solidi?ed 
layer. 

(6) Comparison is made between the Example 15 and the 
Example 34. They differ only in the presence of the Ni 
base-plated layer. The lead wire in the Example 34 where no 
Ni base-plated layer is formed have worse Solderability. As 
is obvious from this, it is advantageous to form Ni base 
plated layer. 

(7) The Example 15 differs from the Example 36 in the 
presence of re?ow processing. Solderability deteriorates if 
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re?oW processing is not conducted. As is obvious from this, 
it is advantageous to conduct re?oW processing after the 
formation of plated layers. 

(8) The Examples 39 to 43 illustrate second lead materials 
having the ?rst plated layers made of high melting point Sn 
alloy (II). In every case, good solderability and good degree 
of nonuniform thickness are recogniZed. As a Whole, 
hoWever, the solderability tends to be loWer and the degree 
of nonuniform thickness tends to be large than the case of the 
?rst lead materials. 

(9) The Examples 44 and 45 illustrate that the ?rst plated 
layer is made of a high melting point Sn alloy (II) and the 
second plated layer is made of a loW melting point Sn alloy 
(I). In every case, good solderability is recogniZed. 
As can be understood from the above description, the 

plated layers of the lead material according to the present 
invention do not contain Pb and therefore no adverse effect 
is given to the environment. 

Furthermore, the plated layers are tWo layer structure of 
a ?rst plated layer having a high melting point and a second 
plated layer having a loWer melting point than that of the 
?rst plated layer. Even if the second plated layer is melted 
during soldering, the ?rst plated layer functions as a barrier 
to prevent thermal diffusion of Cu and the like from the 
substrate resulting from the heat at the time of melting. As 
a result, solderability is improved. 
As regards the ?rst lead material, even if the second plated 

layer is made of an expensive alloy such as a Sn—Ag alloy 
and a Sn—In alloy, loW manufacturing costs can be main 
tained by making the ?rst plated layer (or Sn plated layer) 
thicker and making the second plated layer thinner. In 
addition, the thinner second plated layer leads to a decrease 
in the degree of nonuniform thickness of the re-solidi?ed 
layer after re?oW processing. 
What is claimed is: 
1. A lead material for an electronic part comprising 
a ?rst plated layer laminated on a surface of a conductive 

substrate, a second plated layer laminated on said ?rst 
plated layer, a material for said second plated layer 
having a loWer melting temperature than a material for 
said ?rst plated layer, 

Wherein said ?rst plated layer is made of a Sn substance 
and said second plated layer is made of a Sn alloy 
containing at least one element selected from the group 
consisting of Ag, Bi, Cu, In and Zn. 

2. Alead material for an electronic part according to claim 
1, Wherein 

said ?rst plated layer has a thickness of t1 and said second 
plated layer has a thickness of t2, the thickness t1 and 
the thickness t2 satisfy a relationship expressed as 

3. Alead material for an electronic part according to claim 
2, Wherein 

the thickness t1 and the thickness t2 satisfy a relationship 
expressed as 

4. Alead material for an electronic part according to claim 
1, Wherein 

at least said second plated layer is subjected to re?oW 
processing. 

5. Alead material for an electronic part according to claim 
2, Wherein 
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14 
at least said second plated layer is subjected to re?oW 

processing. 
6. Alead material for an electronic part according to claim 

3, Wherein 
at least said second plated layer is subjected to re?oW 

processing. 
7. Alead comprising a lead material for an electronic part 

as recited in any one of claims 1, 2, 3, 4, 5 and 6. 
8. A semiconductor device having a lead comprising a 

lead material for an electronic part as recited in any one of 
claims 1, 2, 3, 4, 5 and 6. 

9. Alead material for an electronic part according to claim 
[1] 2, Wherein t1 is 6 to 10 um, t2 is 1 to 3 pm and t2/t1 is 
0.1 to 0.5; and the Sn alloy is Sn—Bi With a Bi content of 
30 Wt % or less. 

10. A lead material for an electronic part according to 
claim [112, Wherein t1 is 6 to 10 um, t2 is 1 to 3 pm and t2/t1 
is 0.1 to 0.5. 

11. A lead material for an electronic part according to 
claim 1, Wherein each of the ?rst plated layer and the second 
plated layer do not contain Pb. 

12. A lead material for an electronic part comprising a 
?rst plated layer laminated on a surface of a conductive 
substrate, a second plated layer laminated on said ?rst 
plated layer; a material for said second plated layer having 
a lower melting temperature than a material for said ?rst 
plated layer; wherein said ?rst plated layer is made of a Sn 
alloy containing at least one element selected from the group 
consisting of Ag and Bi, and said second plated layer is 
made of a Sn alloy containing at least one element selected 
from the group consisting of Ag, Bi, Cu, In and Zn. 

13. A lead material for an electronic part according to 
claim 12, wherein the ?rst plated layer is made of a Sn—Bi 
alloy. 

14. A lead material for an electronic part according to 
claim 13, wherein the Sn—Bi alloy is a Sn-2%Bi alloy. 

15. A lead material for an electronic part according to 
claim 14, wherein the second plated layer is made of a Sn-Bi 
alloy. 

16. A lead material for an electronic part according to 
claim 15, wherein the Sn-Bi alloy of the second plated layer 
is a Sn-10%Bi alloy. 

17. A lead material for an electronic part according to 
claim 12, wherein the ?rst plated layer is made of a Sn-Ag 
alloy. 

18. A lead material for an electronic part according claim 
17, wherein the Sn-Ag alloy is a Sn-3%Ag alloy. 

19. A lead material for an electronic part according to 
claim 12, wherein the ?rst plated layer has a Bi content 
lower than a Bi content of the second plated layer 

20. A lead material for an electronic part which is 
subjected to re?ow processing comprising a ?rst plated 
layer laminated on a surface of a conductive substrate, a 
second plated layer laminated on said ?rst plated layer; a 
material for said second plated layer having a lower melting 
temperature than a material for said ?rst plated layer; 
wherein said ?rst plated layer is made of Sn and said second 
plated layer is made of a Sn alloy containing at least one 
element selected from the group consisting ofAg, Bi, Cu, In 
and Zn, and after subjecting the lead material to a re?ow 
processing, at least a portion of the at least one element in 
the Sn alloy of the second plated layer is di?vused into the 
?rst plated layer 


