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Creep behavior on Ag particle reinforced SnCu based composite solder joints
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Abstract: SnCu solder is one of the most promising substitutes of SnPb solder, but its creep resistance is worse than that of the other
lead-free solders. Particle-reinforcement is a way to improve the creep resistance of solder alloys and cause much more attention than
before. A novel Ag particles reinforced SnCu based composite solder is formed and the influence of stress on creep behavior of the
composite solder is investigated. Results indicate that the creep resistance of solder joints is superior to that of the SnCu solder joints.
Creep rupture lifetime of solder joints decreases gradually with stress increasing. And the creep rupture lifetime of the composite

solder joints falls down faster than that of the matrix solder joints.
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1 Introduction

The EU had issued the WEEE mandate that aimed
to prohibit the use of SnPb solders by 2006. Under the
pressure of legislation and trade competitions, large
electronic manufacturers and research institutes studied
substitutes for SnPb solders. SnCu eutectic and near
eutectic solder alloys have been regarded as one of the
most promising Pb-free substitutes for the SnPb solders
for their low cost and good mechanical properties.
However, tensile and shear-tensile strengths of SnCu
eutectic solder are inferior to SnAg and SnAgCu eutectic
solder[1-4]. How to further improve the mechanical
properties of SnCu eutectic solder in service brings about
more concerns.

An attractive and potentially viable method of
enhancing the mechanical properties of a solder is by
using composite solders formed by the addition of
reinforcement particles to a conventional solder
alloy[5-9]. Study of MARSHALL et al[10] showed that
the mechanical properties of powdered CugSns
intermetallics reinforced composite solder were superior
to those of SnAg ecutectic solder. CLOUGH et al[11]
reported that CusSns particle-enhanced SnAg composite
solders exhibited two-times yield strength without
significant ductility loss and nearly an order of

magnitude lower creep rate in comparison to the
non-composite solders. Studies by MAVOORI and
JIN[12] indicated that ultrafine oxide dispersions
enhanced 63Sn37Pb composite solder had better creep
resistance than 63Sn37Pb eutectic solder. SHI et al[13]
studied the creep properties of metal particle enhanced
SnCu based composite solder joints under 50 ‘C with a
deadload of 16.17 MPa. Results showed that the creep
rupture lives of three SnCu based composite solders with
8 um Cu (3%) particles, 1 um Ag (3%) particles or 1 pm
Ni (3%) particles were improved by 8, 14 and 25 times,
respectively.

Creep rupture lifetime is an important index to
evaluate the reliability of solder joints. Stress is one of
the most important factors to affect the reliability of
solder joints. In this paper the influence of stress on
creep behavior of Ag particle enhanced 99.3Sn0.7Cu
based composite solder joints is investigated so that the
composite solder can be evaluated accurately and applied
reliably.

2 Experimental

2.1 Solder preparation

Particle enhanced SnCu based composite solder
consisted of 43 pum 99.3Sn0.7Cu particles and 1 um Ag
particles. The volume fraction of Ag particles was 5%
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in the composite solder, which was determined earlier as
the most appropriate content[14]. The composite solder
paste was made by mixing particles with RMA no-clean
flux in a crucible. To achieve a uniform distribution of
the enhancing particles in the 99.3Sn0.7Cu eutectic
solder matrix, mechanical mixing time of at least 15 min
was used. These pastes were sealed immediately after
mixing and preserved in a refrigerator at =10 C to
avoid oxidation.

2.2 Measurement of creep rupture life

To simulate the size of solder joints on the PCB
(Print Circuit Board) in practical assembly, small single
lap shear joints were used in the creep rupture life test
[15]. The mini joint is shown in Fig.1. Two pieces of
“dog-bone” copper sheets were used as soldered
substrates. The copper substrates were polished using
400 grit sand paper, followed by rinsing with ethanol.
Solder mask IF710 was applied on the surface of the
narrow end of the copper substrates to achieve a
cross-sectional area of 1 mm’. The composite solder
paste was sandwiched between the two copper sheets.
Soldering was performed in an aluminum mold, as
shown in Fig.2. The solder joints were heated to 260 C
for 2 min, then cooled quickly at a rate of 50 ‘C/min to
room temperature.
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Fig.2 Aluminum mold for soldering

The creep rupture life tests under four different dead
loads (11.27, 13.23, 16.1 and 18.13 MPa) were
performed at four different temperatures (50, 75, 100 and
125 C), respectively. The fluctuation of temperature

during the creep tests was maintained within 2 ‘C. The
creep rupture lives of specimens were recorded
automatically by a clock electrically connected in series
with the solder joint. The test results were averaged from
12 specimens. Test of 99.3Sn0.7Cu eutectic solder was
also performed as a comparison under the above same
condition. The equipment of the creep rupture life is
shown in Fig.3.

Fig.3 Equipment of creep rupture test: 1 Temperature and
humidity controlled chamber; 2 Dead load; 3 Specimen;
4 Clock

3 Results and discussion

The test results of the creep rupture lives of the
composite solder joints and SnCu eutectic solder joints
under the above conditions are shown in Fig.4. It can be
seen easily that the creep rupture lives of the composite
solder joints are superior to those of SnCu eutectic solder
joints under the experimental conditions, especially at
the low temperatures and low stresses. And at 50 ‘C with
a dead load stress of 13.23 MPa, the rupture life of the
composite solder joint is more than 6 times longer than
that of the SnCu eutectic solder joint. At 75 ‘C with a
stress of 11.27 MPa, the rupture life of the composite
solder joint is more than 8 times longer than that of the
SnCu eutectic solder joint.

The microstructures of the SnCu eutectic solder and
Ag particles enhanced composite solder are shown in
Fig5. The microstructure of Ag particle enhanced
composite solder consists of SnCu eutectic solder matrix
and Ag particles. The light core region is pure Ag. Ag
particles are found not only inside the grains but also at
the grain boundaries. The Ag particles impede grain
boundary sliding and dislocation movement so that the
creep rupture life of the composite solder joints is
improved. At the same time, Ag-Sn IMC layer formed
between the matrix and Ag particles is found from
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Fig.4 Effect of stress on creep rupture life of solder joints: (a) 50 C; (b) 75 C; (¢) 100 C; (d) 125 °C

Fig.5(c), which coats Ag particles and binds tightly the
matrix and enhancement particles together. Therefore,
the creep rupture life of the composite solder joint is
superior to that of the SnCu eutectic solder joint.

However, at 125 “C with a dead load stress of 18.13
MPa, the rupture life of the composite solder joint (7 min)
is inferior to that of the SnCu eutectic solder joint (11
min). This is because that a fine grained microstructure is
acquired for Ag particle enhanced composite solder. The
grain sizes of the composite solder and 99.3Sn0.7Cu
eutectic solder are 36.1 pm and 16.4 pum, respectively,
indicating that the grain size of the composite solders is
bigger than that of non-composite solder. The fine
grained microstructure possesses a large grain boundary
area resulting in a high interface energy, which is
disadvantageous to improving the creep resistance of
solder alloys. ROSS[16] showed that materials with
bigger grain size always have a higher creep resistance
than the fine grain ones.

It can also be seen from Fig.4 that the rupture lives
of solder joints decline with increasing stress at the same
experimental temperature. And the rupture lives of the
composite solder joints decline faster than those of the
conventional SnCu eutectic solder joints. Form Fig.4(b),
it can be calculated that the descendent rates of the

composite solder joint and the conventional SnCu
eutectic solder joint are respectively 2391 min/MPa and
277 min/MPa when stress is increased from 11.27 MPa
to 18.13 MPa at 75 “C. That is to say, the descendent
rates of the composite solder joints is 8.6 times more
than that of the matrix solder joints under the above test
condition.

Representative fracture surfaces of the creep rupture
solder joints are shown in Fig.6. Fig.6(a) shows the
typical creep rupture surface of the SnCu eutectic solder
joint in the creep rupture life test. Most of the fracture
surface exhibits characteristics of intergranular fracture.
Fig.6(b) shows the typical creep fracture surface of the
Ag particle enhanced composite solder joints. Ag
reinforcement particles are found at the grain boundaries
and secondary cracks are developed along the grain
boundaries, which shows that the enhancing particles
become the origin of creep fracture. It is considered that
at the higher temperature, the presence of Ag particles is
disadvantageous for creep property of solder joints.
Maybe this is because the rupture lives of the composite
solder joints decline faster than those of the conventional
SnCu eutectic solder joints.

At the same time, generally the equation of
steady-state creep rate of a heat activated process is
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Fig.5 Microstructure of solder alloy: (a) Eutectic 99.3Sn0.7Cu
solder; (b) Microstructure of composite solder; (¢) SEM

Micrograph of composite solder

expressed as the Dorn formula:

~fe] 4]

where ¢ 1s the steady-state creep rate, 4 is a constant,
7 1s the stress, # is the stress exponent, O is the apparent
activation energy, R is the gas constant, and 7" is the
absolute temperature.

A, G, and R are constants for the same solder alloy.
Under the same temperature and stress, the apparent

Fig.6 SEM images of creep rupture surfaces of solder joints:
(a) Intergranular fracture of SnCu solder; (b) Shearing surface

of composite solder

activation energy O and the stress exponent # of the Ag
particle enhanced composite solder joint are bigger than
those of SnCu eutectic solder joint[17]. It is seen easily
that the steady-state creep rate €& of the composite
solder joint decreases faster with increasing stress than
that of SnCu solder joints at the same temperature.

4 Conclusions

1) The creep rupture lives of Ag particle enhanced
SnCu based composite solder joints are longer than those
of SnCu eutectic solder joints under the same condition.
The creep property of the composite solder joints is
superior to that of the SnCu eutectic solder joints.

2) The rupture lives of solder joints decline with
increasing stress at the same temperature. And the
rupture life of the composite solder joint declines faster
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that of the conventional SnCu eutectic solder joint

under the same experimental condition.
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