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Development of Highly Reliable Sn-Ag L ead-Free Solder Alloy
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Abstract

A highly reliable Sn-Ag-Bi-In-Cu lead-free solder
alloy was developed by improving the melting
property, the wettability and the mechanical property
of the Sn-Ag solder alloy which has a high thermal
fatigue resistance due to the addition of bismuth,
indium and copper. The optimum alloy composition
for the Sn matrix is 2.500 3.0mass%Ag, 3.0mass%Bi,
1.0mass%In and 0.2 0.5mass%Cu.

The additional elemental bismuth contributed to the
control of the solidus and liquidus temperatures and
the improvement of the wettability and tensile
strength. Indium contributed to the control of the
solidus and liquidus temperatures and the

improvement of wettability. Copper contributed to the
improvement of the ductility which is degraded by the
addition of bismuth. In comparison with the Sn-3.5Ag
eutectic solder, this new lead-free solder alloy has a
19°C lower solidus temperature, 61 7°C lower
liquidus temperature, 4% higher spreading factor and
200% higher tensile strength. Its elongation is equal to
and above Sn-3.5Ag at 125°C though it is half as long
as that of Sn-3.5Ag at 25°C.

It was confirmed that this new lead-free solder joint
has a high thermal fatigue resistance and the same
electrochemical reliability in comparison with the
conventional Sn-37Pb solder joint.

Lead free, Sn-Ag-Bi-In-Cu solder alloy, Melting property, Wettability, Tensile strength, Elongation,
ve Thermal fatigue resistance, Electrochemical reliability
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Fig. 1  Optica micrographs of solder joint cross
section for 4532 resistor after thermal cycling
test to 1000 cycles at —40°C to 125°C ; (a) Sn-

3.5Ag, (b) Sn-9Zn, (c) Sn-37Ph.
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Fig. 2 Wettability of Sn-X aloys on Cu substrate.
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Table 1 Mélting property, wettability and mechanical properties of Sn-Ag based aloys.

Melting property Wettability Mechanical property
Element | Composition (mass%) Ts T, AT Spreading o(MPa) Elongation(%)
o) | o) | o factor(%) 25°C 125°C 25°C 125°C
Sn-1.0Ag-3.0Bi-1.0In-0.2Cu| 202 221 19 83.8 58 26 25 27
Ag -25Ag-t -1 -1 202 | 216 14 84.3 65 25 24 39
-3.0Ag-t -1t -1 202 215 13 83.8 64 25 23 28
Sn-3.0Ag-2.0Bi-1.0In 209 217 8 82.2
-1 -3.0Bi- 1 204 | 215 11 85.0
-1 -4.0Bi- 1 201 215 14 84.0
-1 -5.0Bi- 1 196 213 17 85.1
Bi |[sh30Ag | o1 222 [ 1 | 804 | 29 | 15 | s | s
-1 -1.0Bi 216 221 5 815
-1 -3.0Bi 208 218 10 83.1 61 27 25 31
-1 -4.0Bi 204 217 13 74 30 17 24
-1 -5.0Bi 200 215 15 84.2
Sn-3.0Ag-3.0Bi 208 218 10 83.1 61 27 25 31
-t -1 -05In 207 | 217 10 83.9
In -1 -1 -10In 204 215 11 85.0 63 25 26 26
-1 -1 -20In 200 214 14 83.8
'sn3ong | 21 (22 | 1 | sa | 29 | 15 | R B
-1 -1.0In 217 220 3 82.4
-1 -3.0In 209 | 216 81.9
-1 -5.0In 201 | 213 12 811
Sn-2.5Ag-3.0Bi-1.0In 62 25 26 29
-1 -1 -1 -02Cu| 202 | 216 14 84.3 65 25 24 39
-t -1 -1 -05Cu| 202 | 214 12 83.8 67 27 23 57
-t -1t -1 -1.0Cu 69 28 20 23
cu |sn30Ag30Bi-10In | 204 | 215 | 11 | 80 | 63 | 25 | % | %
-t -1t -1 -02Cu| 202 | 215 13 83.8 64 25 23 28
-1 -1 -1 -0.5Cu | 202 213 11 83.3 67 26 26 46
-1 -1t -1 -10Cu 69 26 20 25
-t -1t -1 -20Cu 79 29 15 22

oo0oOoooo0ORrR&DOOOOOVol

(Ts T, : Solidus and liquidus temperature. AT : Meltingrange. o':
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Fig. 3  Optica micrographs of Sn-3.0Ag-3.0Bi-1.0In-
Cu solder aloy; (8) 0.5mass%Cu,

(b) 1.0mass%Cu.
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Fig. 4  Vertical section phase diagrams of Sn-Ag-Bi-
In-Cu system; () Sn-Ag vertical section at
3.0mass%Bi, 1.0mass%ln and 0.2mass%Cu,
(b) Sn-Cu vertical section at 2.5mass%Ag,
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Fig. 5 Optical micrographs of solder joint cross
section for 4532 resistor after thermal cycling
test to 3000 cycles at —30°C to 80°C; (a)new
Sn-2.5Ag-3.0Bi-1.0In-0.2Cu solder, (b) Sn-

37Pb.
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Table 2 Crack propagation rate of new Sn-Ag-Bi-In-
Cu, Sn-37Pb and Sn-3.5Ag solder joint after
thermal cycletest.

Crack propagation rate (%)
Composition (mass%o) Sample No.
2 3
Sn-2.5Ag-3.0Bi-1.0In-0.2Cu | 3 3 8 | 3
Sn-37Pb 67 | 67 | 63 | 54 |67
Sn-3.5A¢g 3 6 8 |13 | 4
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Table 3 Soldering properties of new Sn-Ag-Bi-In-Cu, Sn-37Pb and Sn-3.5Ag solder aloys.
Melting Wettability Mechanical property Thermal Insulation
Composition(mass%b) temperature | Spreading o(MPa) Elongation(%) fatigue resistance
(°C) | factor(%) | 25°C | 125°C | 25°C | 125°C property property
Sn-2.5Ag-3.0Bi-1.0In-0.2Cu 2020 216 84.3 65 25 24 39
Sn-2.5Ag-3.0Bi-1.0In-0.5Cu 2020 214 83.8 67 27 23 57 O 0
Sn-3.0Ag-3.0Bi-1.0In-0.2Cu 2020 213 83.3 67 26 26 46
Sn-37Pb 183 9.3 40 11 77 148 - -
Sn-3.5Ag 221 80.7 28 14 48 40 O N.A.

(o: Tensile strength. O : Good, O : Fair compared with Sn-Pb)
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