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Abstract. In electronic packaging industry, they are now driven technology to green product by 
replacing leaded-solder with lead-free solder in order to fulfill the European Restriction of Hazardous 
Substance (RoHS) compliance. Thus, Sn-Ag-Cu lead-free solder family is one of candidates can 
fulfill this requirement. This study investigates the interfacial reactions during reflow soldering and 
isothermal aging between Sn-3.0Ag-0.5Cu (SAC305) and electroless nickel1 immersion 
palladium/immersion gold (ENEPIG). Reliability of solder joint is also examined by performing solid 
state isothermal aging at 125°C and 150'C for up to 2000 hours. The results revealed that after reflow 
soldering, (Cu, Ni)&nj IMC is formed between solder and substrate while after aging treatment 
another IMC was found between (Cu, Ni)&ns and substrate known as (Ni, CU)~SIL, Aging time and 
temperature of solderjoints results in an increase of IMC's thickness and changes their morphologies 
to become more spherical, dense and with larger grain size. In addition, the results also revealed that 
the thickness of intermetallics formed is proportional to the aging duration and temperature. 

Introduction 

As the trend of miniaturization continues, the size of electronic components and the solder joints are 
being continuously scaled down [I,  21. This will makes the brittle nature of intermetallic compound 
(IMC) layer at the interface tending to occupy a large volume percentage of the solder joint, which is 
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caused by brittle of the solder joints [2, 31. Besides that, the increasing of operating temperature will 
speed up the IMC growth further. Hence the prevention of excessive growth of IMC in solder joint 
becomes a challenging task for materials researchers. It is because the various materials in an 
interconnect joint will interact with each other and the joints microstructure will evolve during 
service. Thus, the product evaluation requirement is become more challenging and the same time 
must meet and fulfill the European Restriction of Hazardous Substance (RoHS) compliance. Thus, 
the need to have lead-free surface finishes and solder ball is very important. The selection of a n  
appropriate surface finish and solder alloy combination therefore influences the properties and 
reliability of the joints [I, 2, 31. 

In this study, experimental results of the intermetallic growth and thickness between 
Sn-3.0Ag-O.5Cu (SAC305) lead-free solder and ENEPIG (electroless nickel I electroless 
palladium/immersion gold) surface finish and effect of different aging temperature on interfacial 
reaction during reflow soldering and isothermal aging have been investigated. 
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Figure 3: IMC thickness versus solder size between SAC305 solder and ENEPIGat 125°C and 150°C 

The coarsening of (Cu, Ni)6Sn~ IMC grains was pronounced after aging for 2000 hours. The 
rod-like (Cu, Ni)6Sns grains have disappeared and tend to have stout-rod-like morphology when 
subjected to isothermal aging as represent in figure 3. Moreover, the grain size of (Cu, Ni)6Sns IMC 
was slightly 'increased when aging duration and temperature was gradually increased. From the top 
surface view, the (Ni, Cu),Sn4 was detected as rod-like morphology in figure 4(a) and 4(b), and the 
grains was smaller than (Cu, Ni)&ns because the (Ni, Cu)3Sn4 layer was formed beneath this layer. 
According to Laurila et al. [6] ,  it should also be noted that if solid-state aging follows soldering, the 
resulting morphology after aging is dependent on the initial morphology formed during the 
solid-liquid contact. In the case ofNi,Snz IMC formation as shown in figure 4(a), it supposed to be a 
(Cu,Ni)6Sn~ IMC if we considered solubility of Cu (less percentage of Cu) from EDX spectrum 
analysis. However, in present study when EDX spectrum analysis of Cu shows less than 10 at%, it is 
considered as no solubility of Cu existed or in other words by ignoring the solubility of Cu. This is 
also has been observed by Vuorinen er a1 [7]. 
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