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Abstract To develope new lead-free solders with the melting temperature close to that of Sn-37Pb(183°C), Sn-
0.7Cu-6Pb-1Ga, Sn-0.7Cu-5Pb-1Ag, Sn-0.7Cu-5Pb-56Bi-1Ag, and Sn-0.7Cu-5Bi-1Ag alloys were composed by
adding low-melting elements such as Ga, Bi, Pb, and Ag to Sn-0.7Cu. Then the melting temperatures,
microstructures, wettability, and adhesion properties of these alloys were evaluated. DSC analysis showed that
the melting temperature of Sn-0.7Cu-5Pb-1Ga was 211°C, and those of other alloys was in the range of
192~200°C. Microstructures of these alloys after heat-treatment at 150°C for 24 hrs were basically composed
of coarsely- grown S-Sn grains, and CugSn; and Ag;Sn intermetallic precipitates. Sn-0.7Cu-5Pb-1Ga and Sn-
0.7Cu-5Pb-5Bi-1Ag showed excellent wettability, while Sn-0.7Cu-5Bi-1Ag and Sn-0.7Cu-5Pb-5Bi-1Ag revealed
good adhesion strength with the Cu substrates. Among 4 alloys, Sn-0.7Cu-5Pb-5Bi-1Ag with the lowest melting
temperature (192°C) and relatively excellent wettability and adhesion strength was suggested to be the best

candidate solder to replace Sn-37Pb.

Key words Lead-free solder, low melting-temperature, Sn-0.7Cu, Ga, Bi, wettability, adhesion strength.
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Table 1. Chemical composition of Cu lead frame(wt.%).
Si Cu

Mg Ni

Cu lead frame 0.05 0.25 2.20 bal.
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Fig. 1. The DSC results of (a) Sn-0.7Cu-5Bi-1Ag, (b) Sn-0.7Cu-5Pb-1Ag, (c) Sn-0.7Cu-5Pb-5Bi-1Ag and (d) Sn-0.7Cu-5Pb-1Ga

solder.
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Fig. 2. The SEM microstructures after cold-rolling and annealing at 150°C for 24h. (a) Sn-0.7Cu-5Bi-1Ag, (b) Sn-0.7Cu-5Pb-
1Ag, (c) Sn-0.7Cu-5Pb-5Bi-1Ag and (d) Sn-0.7Cu-5Pb-1Ga solder.

Table 2. Melting temperature of solder alloys measured by the DSC analysis

Alloy (a) Sn-0.7Cu-5Pb-1Ga  (b) Sn-0.7Cu-5Pb-1Ag

(¢) Sn-0.7Cu-5Pb-5Bi-1Ag  (d) Sn-0.7Cu-5Bi-1Ag

M.P.(0C) 211 200

192

199
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Table 3. The EDS results of solder alloys in Fig. 2.
(a) Sn-0.7Cu-5Pb-1Ga
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Composition (at.%)

Point - Phase
Sn Ag Bi Pb Ga Cu
98.48 1.52 p-Sn
2 99.80 0.20 [-Sn
79.08 0.53 20.39 Cu-rich 5-Sn(CusSns)

(b) Sn-0.7Cu-5Pb-1Ag

Composition (at.%)

Point Phase
Sn Ag Pb Cu
1 98.64 0.64 0.72 F-Sn
2 99.76 0.20 0.03 S-Sn
3 58.80 0.32 40.87 CusSns
(c¢) Sn-0.7Cu-5Pb-5Bi-1Ag
. Composition (at.%)
Point - Phase
Sn Ag Bi Pb Ga Cu
1 57.51 0.42 0.85 41.21 CugSns
2 26.40 72.01 0.76 0.83 Ag;Sn
3 58.19 0.66 1.08 40.07 CugSns
(d) Sn-0.7Cu-5Bi-1Ag
. Composition (at.%)
Point Phase
Sn Ag Pb Cu
1 94.69 0.58 0.78 F-Sn
2 26.48 72.22 0.54 Ag;Sn
3 57.97 0.47 40.74 CugSn;
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Table 4. Comparison of spread area and contact angle

-

R TR A E(d) (mm) ol (mm)  HIHH(A) (mm’) HE2 (9
(a) Sn-0.7Cu-5Pb-1Ga 8.06 0.68 51.02 19.15°
(b) Sn-0.7Cu-5Pb-1Ag 7.13 0.86 39.92 27.12°
(c) Sn-0.7Cu-5Pb-5Bi-1Ag 7.72 0.77 46.80 22.56°
(d) Sn-0.7Cu-5Bi-1Ag 6.95 0.88 37.93 28.42°
*Sn-3.5Ag 10.17 0.93 81.33 20.92°
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Fig. 3. The tensile shear test results of solder/Cu lead-frame :
5Bi-1Ag and (d) Sn-0.7Cu-5Pb-1Ga solder.
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