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Abstract. Sn-based solder is used for soldering a gold alloy and a brass sheet. Subsequently
thermal aging tests are performed. The influence of thermal aging on the interfacial
microstructure evolution of gold alloy/Sn-based solder and its mechanical properties was
analysed. The results show that the aging time and aging temperature have large influence on
the growth of interfacial compounds, and the interfacial compounds show a multiply-sublayers
structure, the main components are AuNi,Sng, AuSny, NizSns and NizSn. The hardness of the
interfacial compounds show a distinct layered phenomenon, in which the hardness of the first
layer is the highest. Shear tests indicated that the failure happened at the gold alloy/Sn-based
solder interface close to the gold alloy, showing obvious brittle fracture features. Shear strength
decreases with increasing aging time at the aging temperature of 150<C and 175<C.

1. Introduction

Gold and its alloys have many unique advantages such as high ductility, chemical stability and
corrosion resistance, good thermal and electrical conductivity, and low and stable contact resistance
[1]. Thus it is widely used, especially in electronic sliding contacts in highly humid or corrosive
atmospheres, and for contacts with high failure costs (certain computers, communications equipment,
spacecraft, and jet aircraft engines) [2-4]. However, pure gold has deficiencies such as low strength,
low hardness, easy deformation, poor elasticity, and easy arcing. In order to improve the electrical
contact properties of gold, gold-based alloys are often formed by adding other strengthening elements
such as platinum, palladium, copper, cobalt, and nickel to gold. Au-Ni alloys, such as AuNis, AuNi,
and AuNiY,s, are commonly used as light-load open/close contacts and sliding contact materials.
Among them, AuNi, alloys have higher strength and hardness, lower resistivity, excellent chemical
stability, high resistance to welding and corrosion, so it is widely used [5]. In most cases, gold and its
alloys must be joined with other metals. Sn-based solders usually provide the necessary electrical,
mechanical and thermal connection [6].

When Sn-based solder is used to join gold alloys, the gold will rapidly dissolve into the molten Sn-
based solder forming coarse, anisotropic, and brittle Au-Sn intermetallic compounds (IMC) [7-16],
resulting in significant strength reduction and embrittlement of the joint. The base metal used here also
contains Ni, which can also dissolve into molten Sn-based solder to form Ni-Sn intermetallic
compounds. The thickness of the base metal, the soldering temperature and time, the temperature and
time of solid-state thermal cycling and aging have important effects on embrittlement [17-23].The
extensive investigations have been mostly carried out on the solderability of gold-plated components
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[24-31]. During the thermal aging process, the gold coating will be quickly absorbed by the Sn-based
solder. Therefore, it is necessary to study the microstructure evolution of the gold alloy with a certain
thickness/Sn-based solder interface during the thermal aging process.

The purpose of the present work is to clarify the interfacial microstructure evolution and its
influence on mechanical property of gold alloy/Sn-based solder interface under various thermal aging
conditions by means of scanning electron microscope (SEM), mechanical tests, and micro-hardness
tests. This study provides a fundamental understanding for the increasing applications of gold alloys.

2. Experimental procedures

Eutectic Sn-basedsolder with the melting point of 183<C was used to joint AuNiy alloy wire and brass
sheet. The chemical composition of the AuNis base metal is Au 91 wt% and Ni 9 wt% with a diameter
of 0.5 mm, a length of 20 mm. The dimension of the brass sheet is 20 mm x5 mm x1 mm. The
soldering process was carried out by an electric hot plate with intelligent temperature control. The lap
length was 1.5mm. The solder was placed on the brass sheet, heated up to 230 <C until it was melted
completely. The AuNi, wire was inserted into the molten solder. The soldered joints were cooled
down to the room temperature.

Thermal aging test was performed at 125<C,150C, and 175<C for 4, 10, 30, 60 and 90 days. The
mechanical property of the soldered joint was evaluated by shear tests at room temperature using a
tensile testing machine (Instron) with a machine displacement rate of 0.5 mm/min. The average shear
strength of five joints was used to investigate the mechanical properties under different aging
conditions. Micro-hardness was tested by a Vickers micro-hardness tester (Mitutoyo HM-113) with
0.246 N indentation force, and 10 s holding time. The microstructure of the soldered joint was
observed by a scanning electron microscope (SEM). A Hitachi S-530 SEM coupled with energy
dispersive X-ray spectroscopy (EDS) was used to investigate the chemical composition of interfacial
compounds (IMC) and the thickness of IMC layer presented in the soldered joints. EDS analysis and
mapping were performed with an acceleration voltage of 20 kV.

3. Results and dis cussion

3.1. Microstructure analysis
Figure la shows the microstructure of the gold alloy/Sn-based solder interface before thermal aging.
As shown i figure la, a continuous and uniform IMC is formed at the interface with a thickness of
approximately 3 pm. Its composition is analyzed by EDX. The IMC layer is roughly divided into two
layers: the AuNi,Sn, phase close to the gold alloy and the AuSn,+Ni;Sn, phase close to the solder.

Figure 1b shows the microstructure of the gold alloy/Sn-based solder interface after 4 days dwell
time at 125<C. It can be seen that a continuous and uniform IMC layer is formed at the interface, with
a thickness of approximately 27 um. The components of three points A, B, and C in the figure are
analyzed by EDS. The results are shown in table 1. It shows that the point A close to the base metal
may be AuNi,Sn, phase, the point B close to the solder may be AuSn,+Ni;Sn, phase, and the light
gray phase in the solder (point C) may be AuSn,. According to table 1, the Ni content in the IMC layer
decreases gradually as the distance from the base metal increases, and the Au content does not
decrease as the distance from the base metal increases. The Au content near the solder (point C) is
higher than the Au content in the IMC layer (points A and B), indicating that the diffusion rate of Au
atoms in the solder is very high. The ratio of the atomic percentage of (Ni+ Au) to that of Sn in point
A was (43.4):(56.6), which is very close to 3:4. It is known that some binary phases in the Au-Ni-Sn
ternary system [32], such as AuSn, NisSn, and NisSn,, have a very high solubility of the third element,
due to the similarity in the chemical and physical properties of Auand Ni. It seems that Au can enter
into the NizSn, lattice and substitute for the Ni atoms, allowing the AuNi,Sn, phase to form at the
interface.

Figure 2a shows the microstructure of the gold alloy/Sn-based solder interface after 10 days at
150<C. It can be seen from the figure that a continuous and uniform layered intermetallic compound
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layer is formed at the interface. The IMC layer is roughly divided into three layers. The dark gray
phase close to the base metal is the first layer, the middle light gray phase is the second layer, and the
dark gray phase near the solder is the third layer. By EDS analysis: the first layer is AuNi,Sn,, the
middle layer is AuSn,+N1i;Sn,, and the third layer is AuSns+CusSns+Ni;Sn. After aging for 60 days,
most of the AuNi, base metal has converted to intermetallic compounds. After aging for 90 days,
almost all of the AuNi, base metals has converted to intermetallic compounds.

Figure 1. The microstructures of the gold alloy/Sn-based solder interface. a) Before thermal aging; b)
After 4 days at 125<C.

Table 1. The chemical compositions of three points (as shown in figure 1b) by EDS analysis.

position Chemical compositions (at %) The posible compound phase
Ni Sn Au
A 30.18 56.58 13.23 AuNi;Sny
B 26.31 66.25 7.44 AuSn+NisSny
C 0 79.70 20.30 AuSn,

Figure 2b shows the microstructure of the gold alloy/Sn-based solder interface after 4 days at
175<C. As a whole, after aging at 175<C for 4 days, the IMC layer grows significantly thicker (5.74
times of 125<C for 4 days, 2.87 times of 150<C for 4 days) and the solder layer becomes thinner, and
the white Pb-rich phase in the IMC layer increases compared with that at 150 <C. By EDS analysis: the
dark gray phase close to the AuNi, base metal is a Ni-rich AuNi,Sn, phase, the second layer is
AuSny+Ni;Sny, and a large number of white Pb-rich phase is accumulated between the compounds,
and the light grey rod-shaped compound that infiltrates into the solder is AuSn,. After aging for 30
days, most of the AuNi, base metal has converted to intermetallic compounds; after aging for 60 days,
almost all of the AuNi, base metals has converted to intermetallic compounds.

During the thermal aging, the Au and Ni elements in the AuNi, base metal will continue to dissolve
into the solder, so the thickness of the IMC layer increases. Figure 3 shows the thickness of IMC layer
varying with aging time at different aging temperatures. It indicates that the thickness of the IMC layer
increases with increasing aging time. At 150 ° C, the thickness of the IMC layer grows slowly before
30 days (3.23 um/day), grows rapidly from 30 days to 60 days (14.73 pm/day), and grows slowly after
60 days (0.27 pm/day). At 175, the thickness of IMC layer grows rapidly from the initial aging
period (15.4 um/day), and it grows slowly after 30 days (1 pwm/day). Before 60 days, for the same
aging time, the thickness of 175<C is significantly higher than that of 150<C. The thickness grows
rapidly from 30 days at 150<C, but the thickness grows rapidly from mitial aging period at 175C. We
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can see that the influence of aging temperature on thickness is bigger than aging time. The thickness of
the IMC layer grows slowly in the later aging period. This is mainly due to the fact that when the
aging time is longer (150C /60 d, 175<C /30 d), most of the AuNi, base metal has converted to
intermetallic compounds, and the solder integrates with the AuNi, base metal, so the IMC layer tends
to be stable.

AuSn+NisSn+CugSns

Figure 2. The microstructures of the gold alloy/Sn-based solder interface under different aging
conditions. a) After 10 days at 150 <C; b) After 4 days at 175 <C.
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Figure 3. The thickness of IMC layer varying with aging time under different aging temperatures.

3.2. Mechanical properties

The interfacial micro-hardness was used to analyze the mechanical property. According to the
interfacial microstructure, the IMC layer is roughly divided into three sublayers. The first layer
consists mainly of a AuNi,Sn, phase, the second layer mainly of AuSn,+Ni;Sn, phase, the third layer
mainly of AuSn,+CusSns+NizSn phase. The different composition of the IMC layer determines the
different hardness levels of the IMC layer. Figure 4 shows the micro-hardness measurement of three
IMC sublayers in gold alloy/Sn-based solder interface at aging temperature of 150<C. The figure
shows that the first sublayer has the highest hardness in the range of 240-260 HV, because the
composition of the first layer is mainly AuNi,Sn, phase, the hardness of AuNi,Sn, phase is relatively
high, and the first layer is close to the AuNi, base metal, and the hardness of the AuNis is high (tested
at 271.5 HV). The hardness of the second layer is in the range of 140-160 HV, because the
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composition of the second layer is mainly a mixture of AuSn,, Ni;Sn, and a small amount of solder,
and the hardness of the solder is low (tested as 14.6 HV). The hardness of the third layer is in the
range of 60-80 HV, because the composition of the third layer is mainly a mixture of AuSn,, CugSns,
Ni;Sn and solder, and the third layer is close to the solder. During the tests, it was found that the test
region was fragmented, indicating that the interfacial compounds were brittle.
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Figure 4. The micro-hardness measurement of three IMC sublayers in gold alloy/Sn-based solder
interface at aging temperature of 150<C for different aging time.

The microstructure reflects the effect on the mechanical properties of the soldered joints. The
mechanical properties of the soldered joints before and after thermal aging were tested. The test found
that the failure ocurred at the gold alloy/Sn-based solder interface close to the gold alloy, and the fracture
was very smooth, showing obvious brittle fracture features, indicating that the interfacial compounds
was brittle, resulting in the fracture failure of the soldered joints.

Figure 5 shows the shear strength of the soldered joints at different thermal aging conditions. From
the figure, it can be seen that at the aging temperatures of 150<C and 175<C, the shear strength
decreases with the increasing aging time, which indicates that the aging time has a large influence on
the mechanical properties of the soldered joints. For the same aging time, the strength at 175<C is
lower than that at 150<C, indicating that the aging temperature has a large influence on the mechanical
properties of the joint. At 150<C, the shear strength decreased obviously when aging 10 d-30 d. At
175<C, the shear strength decreased when aging 0 d-30 d, and the shear strength decreased slowly after
aging 30 d. Because before 30 days, the thickness of the IMC layer increased significantly and the
number of interfacial brittle compounds increased, the strength decreased significantly.
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Figure 5. The shear strength of the soldered joints at different thermal aging conditions.
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4. Conclusions

1)

2)

3)

Aging time and aging temperature have large influence on the growth of interfacial compounds.
Before aging and after aging at 125<C/4 d, the IMC layer is roughly divided into two layers: the
AuNi,Sn, layer close to the gold alloy and the AuSn,+Ni;Sn, layer close to the solder, the light
gray rod-shaped compound in the solder is the AuSn, phase. After aging at 150<C/10 d and
175<C/4 d, the IMC layer is roughly divided into three layers: the first layer of AuNi,Sn, phase,
the second layer of AuSn,+NisSn, phase, the third layer of AuSn,+CusSns+Ni;Sn phase, and the
light grey rod-shaped compound in the solder is the AuSn, . As the thermal aging continues, the
IMC layer becomes thicker, the solder layer becomes thinner, and the white Pb-rich phase in the
IMC layer and the solder layer increases.

The micro-hardness of the interfacial compounds shows a distinct layered phenomenon. The
hardness of the first layer is the highest in the range of 240-260 HV, the hardness of the second
layer is in the range of 140-160 HV, and the hardness of the third layer is in the range of 60-80
HV, mainly because of the different composition of IMC sublayer.

Shear tests found that the failure happened at the gold alloy/Sn-based solder interface close to the
gold alloy, the fracture is very smooth, showing obvious brittle fracture features. At the aging
temperatures of 150<C and 175<C, the shear strength decreases with increasing aging time. At the
same aging time, the strength at 175<C is lower than that at 150 <C.
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