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Abstract: The Sn-based lead-free solders with varying microstructure were prepared by changing the
cooling rate from the melt. Bulky as-cast SnAg, SnAgCu, and SnCu, alloys were cold rolled and thermally
stabilized before the creep tests so that there would be very small amount of microstructural change during
creep (TS), and thin specimens were water quenched from the melt (WQ) to simulate microstructures of
the as-reflowed solders in flip chips. Cooling rates of the WQ specimens were 140~150 K/sec, and the
resultant -Sn globule size was 5~10 times smaller than that of the TS specimens. Subsequent creep tests
showed that the minimum strain rate of TS specimens was about 10? times higher than that of the WQ
specimens. Fractographic analyses showed that creep rupture of the TS-SnAgCu specimens occurred by
the nucleation of voids on the AgsSn or CugSns particles in the matrix, their subsequent growth by the
power-law creep, and inter-linkage of microcracks to form macrocracks which led to the fast failure. On
the other hand, no creep voids were found in the WQ specimens due to the mode III shear rupture coming
from the thin specimens geometry.
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Table 1. Chemical Composition of Sn based solder alloys
(in weight percent)

Nominal Composition Chemical Analysis

Sn  Ag Cu Sn Ag Cu

TS-SnAg Base 3.5 957 3.61
TS-SnAgCu Base 3.5 075 95.1 365 0.75
TS-SnCu Base 0.7 995 0.53

WQ-SnAg Base 3.5 9593 4.07
WQ-SnAgCu Base 35 075 9638 325 04
WQ-SnCu Base 0.7 99.48 0.51
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Fig. 1. A schematic diagram of the dog-bone shaped creep
specimens (in mm).
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Fig. 2. Microstructures before the creep tests: (a) TS-SnAg (b) TS-SnAgCu (¢) TS-SnCu (d) WQ-SnAg (e) WQ-SnAgCu and

(f) WQ-SnAgCu alloys.
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Fig. 3. Typical Creep Curves of the Sn based solder alloys
under varying cooling rates and loads.
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Fig. 4, Minimum strain rates at 373K as functions of the
applied stresses. Stress exponents n were from the
Norton’s creep equation, where B is a temperature
dependent material parameter and s is the stress.
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Fig. 5. Rupture time as functions of the applied stresses.
Stress exponents m were from the equation where
C is a temperature dependent material parameter.
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Fig. 6. Vickers hardness change during the creep test.
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Fig. 7. Volume fraction of primary 3-Sn phase for various
lead free solders.
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Fig. 8. The high magnified SEM images of (a) TS and (b)
WQ-SnAgCu alloy.
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Fig. 9. SEM images of Nano-indentation marks out of (a) primary 3-Sn and (b) composite regions of TS-SnAgCu alloy, and
those from (c) primary B-Sn (d) composite regions of WQ-SnAgCu alloy.
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Fig. 10. Nano-indentation hardness of primary B-Sn and

composite regions of TS-SnAgCu and WQ-SnAgCu

alloy as function of the indentation depth.
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