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I. Introduction 
Many reliability problems of electronics have to be answered nowadays [1-4]. One of the most 

dangerous ones is the electrochemical migration (ECM) failure phenomenon. ECM may pose a 

relative huge reliability risk related to applications of electronics [5]. This failure phenomenon appears 

at moisture presence in the case of operating electronics: the dissolution of conductors starts at the 

anode side and results metal ions that are governed by the applied voltage (electric field) and migrate 

towards cathode, where they can reduce as pure metals – dendrites (See Fig. 1). Dendrite growth can 

lead to short. Many types of the metals, which are widely used in the electronics industry, have 

relevant susceptibility for ECM, such as Sn, Ag or Cu [6]. Sn and Sn-alloys are also widely 

investigated related to ECM [6-11]. Usually, migration tests were carried out by three main methods 

[12]; water drop (WD) test [13], environmental tests under elevated thermal-humidity conditions [14] 

and by various electroanalytical methods, like voltammetry or polarization tests [15]. On the one hand 

the electrochemical corrosion and migration investigations of Sn-alloys were usually tested in bulk 

solution. On the other hand, migration tests in thin electrolyte layers (TEL) is also important, since 

ECM ability depends on the thickness of water layer as well [16]. Furthermore, the concentrations of 

the used electrolytes had a wide spectrum as well: deionized water [6], acidic or alkaline electrolytes 

[8, 17] and also salt electrolytes [18], which usually simulate the possible contamination effects. One 

of the most common contaminant is the Cl, which can strongly influences the electrochemical 

corrosion mechanism and therefore, the migration ability of tin and tin-based solder alloys. According 

our previous research work [19], it was firstly shown that next to the common used component of the 

solder alloy (Sn, Ag, Cu), antimony can also take part in the ECM processes using lead-free micro-

alloyed solder alloy in NaCl environment. In this work we have produced different Sn-Sb alloys to 

check the migration ability of antimony in NaCl environment. 

 

 

 

 

Fig. 1. SEM picture from Sn dendrites. 



2. Experimental 

2.1. Sample preparation 

The following metal and alloys were prepared and investigated: 

 Pure Sn, 

 Sn99.9Sb0.1 wt%, 

 Sn99Sb1 wt%, 

 Sn97Sb3 wt%, 

 Sn95Sb5 wt%. 

The pure Sn sample was prepared according to the conventional PCB technology using 

electroplating and chemical etching techniques. For the solder alloy samples immersion silver (iAg) 

was used as a surface finish with the same dimension of the pure Sn sample (See Fig 2.).  

 

Fig. 2. Dimension of the test structure for WD test. 

The preparation of the Sn-Sb solder alloy samples contained many steps. Firstly, we have received 

solder alloy ingots from a Metal Foundry (See Fig 3).  

 

Fig. 3. Sn-Sn solder alloy ingots. 

In the next step the ingots were rolled to flat layer with 0.5 mm thickness (Fig. 4). Afterwards a 

special tool was design and prepared (Fig. 5.) to rich adeguate preforms in a phisical way (Fig. 6) for 

the test board. Finally, the preforms were melted on the layout using hand soldering methods (Fig 7.). 

After the soldering the samples were cleaned by iso-propil-alcohol and rinsed with deionised water 

(Fig. 8).  

 

Fig. 4. Sn-Sn solder alloy plate after rolling. 



 

Fig. 5. Design of the cutting tool for preform preparation. 

 

 

Fig. 6. Preform (right) after using the cutting tool on the rolled solder alloy plate (left). 

 

Fig. 7. Schematic draw about the preform placement on the iAg surface finish before soldering. 

 

Fig. 8. Two examples for test structure of Sn-Sb solder alloy after hand soldering and before WD test. 

2.2. Platform of WD test 

The susceptibility of migration was checked by WD test. Furthermore, the morphology and 

elemental composition of the dendrites were also investigated using SEM-EDS methods. During the 

WD test a 15 µl drop of 3.5 wt% NaCl was placed onto surface of the samples and then 3 VDC was 

applied. The formation of dendrite growth was visually monitored during the WD test, but it can be 

observed the velocity of dendrite growth and time dependence of leakage current as well. The 

schematic of the WD test platform can be seen in Figure 9. During the WD tests real-time optical 

inspection (video record) was carried out and Mean-Time-To-Failure (MTTF) was measured and 

calculated with the failure criterion of the first significant voltage jump. In case of every sample type 

10-10 measurements were carried out during the WD test. 



 

Fig. 9. Schematic draw about the WD test. 

3. Results and Discussion 

3.1. Results of the WD test  

Figure 10 presents the MTTF results of the WD test in case of Sn-Sb solder alloys and pure Sn 

samples. According to the MTTF data, there were no significant differences, only a decreasing trend 

was observed with the increasing antimony content (See Fig. 10). In order to find out the potential 

effect of Sb on the ECM behavior, SEM-EDS investigation was introduced. 
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Fig. 10. MTTF data of WD test. 

 

3.2. Results of the SEM-EDS investigations 

During the SEM-EDS investigations, rather dendrites were in the focus to get information about 

their morphology and chemical composition as well. It was found that two types of dendrites were 

formed: fishbone and tree-like formation. Furthermore, in all cases Sn was dominated the composition 

of dendrites. However, in case of Sn-Sb5% a small amount of antimony was detected in the dendrite. 

Figure 11 presents the SEM picture in case of a Sn-Sb5% dendrite and the area of the EDS 

measurement. Table 1 shows the EDS results according to Figure 11. 

 

Fig. 11. SEM picture of a dendrite grown form SnSb 5% solder alloy sample (red rectangle: place of the EDS 

measurement). 



Table 1. EDS results according to Figure 11. 

Dendrite O Na Cl Sn Sb 

at% 49 28 9 13,5 0,5 

wt% 24 19 10 45 2 

Conclusions 
WD test and SEM-EDS methods were used to investigate the ECM behavior of different Sn-Sb 

alloys and pure Sn surface finish used in electronics. The results show that all of the Sn-Sb solder 

alloy types have similar ECM risk comparing to the pure Sn. However, an increasing ECM tendency 

was found with increasing antimony content. Furthermore, in case of Sn95-Sb5 solder alloy antimony 

was found in the dendrites. It means that Sb was taken part during the ECM processes in case of 

Sn95Sb5 solder alloy. Furthermore, the Sn-Sb wt % ratio of the dendrite was similar compare to the 

original Sn95Sb5 alloy content. 
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