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    Abstract

        
            In this continued study, the microstructural evolution and peel strength as a function of thermal aging were evaluated for four Sn-Ag solders deposited on double layered Ag-Pt metallization. Additionally, activation energies for intermetallic growth over the temperature range of 134 to 190{degrees}C were obtained through thickness measurements of the Ag-Sn intermetallic that formed at the solder-metallization interface. It was found that Bi-containing solders yielded higher activation energies for the intermetallic growth, leading to thicker intermetallic layers at 175 and 190{degrees}C for times of 542 and 20.5 hrs, respectively, than the solders free of Bi. Complete reaction of the solder with the metallization occurred and lower peel strengths were measured on the Bi-containing solders. In all solder systems, a Ag-Sn intermetallic thickness of greater than {approximately}7 {mu}m contributed to lower peel strength values. The Ag-Sn binary eutectic composition and the Ag-Sn-Cu ternary eutectic composition solders yielded lower activation energies for intermetallic formation, less microstructural change with time, and higher peel strengths; these solder systems were resilient to the effects of temperatures up to 175{degrees}C. Accelerated isothermal aging studies provide useful criteria for recommendation of materials systems. The Sn-Ag and Sn-Ag-Cu eutectic compositions should be considered for future service life and reliabilitymore » studies based upon their performance in this study.« less
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                    Laser versus IR reflow soldering of eutectic tin-silver solder

                    
                        Book
                            Yang, W; Felton, L; Messler, Jr, R
                            

                    A computer-controlled 80W Nd:YAG laser operating in the continuous mode scanned beams of 10 to 60 watts at speeds from 2 to 60 mm/second over bare Cu pads on FR-4 fiberglass printed wire boards preprinted with a paste containing 96.5Sn-3.5Ag solder and RMA-SMQ51AC flux on which 132-pin quad flat-pack components were mounted. IR reflowed joints were made at 235 C with a 200 second soak. The high temperature, low heat input, and rapid cooling associated with laser soldering produced extremely fine eutectic rods of Ag{sub 3}Sn in essentially pure Sn, considerable equiaxed dendritic Cu{sub 6}Sn{sub 5} in the bulk solder,more » and thin Cu-Sn intermetallic layers at pad and wire interfaces. The lower temperature, higher heat input, and slower cooling rate associated with IR soldering produced coarser Ag{sub 3}Sn, far less Cu{sub 6}Sn{sub 5} dendrites in the bulk, and much thicker intermetallic layers at interfaces. Laser soldered joints were more than 50% harder than IR reflowed joints, suggesting higher static, creep and fatigue strength as well. Aging at 40 to 190 C for times up to 300 days reduced process-induced differences in structure and properties and revealed voids and cracks which led to the failure of solder joints.« less

                        
                            
                            
                    

                    

                

            
        		
    
                                        
                                    
                                        	
            



                    Wettability of low temperature solder alloys for step-soldering

                    
                        Technical Report
                            Hosking, F; Vianco, P; Frear, D
                            

                    The electronics industry relies on step-soldering during device attachment or subsequent reworking of heavily populated hybrid microcircuits and multilevel networks. Although there are many low to intermediate melting solder alloys that are commercially available, their wettability on typical base metals, such as Cu, Ni, Au, and Sn, are not well characterized. This investigation examines the wetting behavior of several In, Sn, Pb, Bi, and Ag containing solder alloys on Ni-Sn plated aluminum alloy substrates with soldering temperatures ranging from 145 to 200{degrees}C. Two rosin mildly activated (RMA) fluxes were included in the study. The wettability experiments were conducted with amore » Sandia designed wetting balance system. Wetting differences were observed between the two fluxes. The more active flux gave better wetting results and less variability in the meniscus terminations at the lower soldering temperatures. Wetting generally varied from adequate to very good. The Bi-bearing alloys generally gave the lowest wetting values. Work is in progress to determine the effects of aging on intermetallic growth and subsequent mechanical strength. 12 refs., 12 figs., 2 tabs.« less

                        
                            
                            
                    

                    

                

            
        		
    
                                        
                                    
                                        	
            



                    Laser soldering behavior fo Sn-Ag solders

                    
                        Conference
                            Yang, W; Messler, Jr, R
                            

                    Eutectic or near-eutectic Sn-Pb solders have dominated electrical and electronic assembly since the industry was established. Concern about toxicity of Pb has stimulated research into Pb-free alternatives. An attractive candidate is eutectic SnAg. Higher melting temperature (221{degrees}C) promises higher strength and serviceability, but also poses processing challenges. Laser soldering offers potential, but effects on microstructure and properties must be determined. Eutectic, 96.5% Sn-3.5% Ag solder paste containing RMA-SMQ51AC flux was used to make joints on 132-pin quad flat-pack components on FR-4 fiberglass PWB. A computer-controlled 80W Nd:YAG laser system operating in the continuous mode scanned the beam across preprinted soldermore » paste on pads to produce joints. A eutectic structure f Ag{sub 3}Sn rods in a nearly-pure Sn matrix dominated the microstructure of all joints, along with various Cu-Sn intermetallics, but with significant differences attributable to processing parameters. The finer structure of laser soldered joints resulted in 50% higher microhardness, suggesting higher static, creep and thermomechanical fatigue strength. Eutectic morphology, Cu-Sn intermetallic dendrites in the bulk, and Cu-Sn intermetallic at interfaces have been related to system physical metallurgy and processing parameters.« less

                        
                            
                            
                    

                    

                

            
        		
    
                                        
                                    
                                        	
            



                    Cooling thermal parameters and microstructure features of directionally solidified ternary Sn–Bi–(Cu,Ag) solder alloys

                    
                        Journal Article
                            Garcia, Amauri; Spinelli, José - Materials Characterization
                            

                    Low temperature soldering technology encompasses Sn–Bi based alloys as reference materials for joints since such alloys may be molten at temperatures less than 180 °C. Despite the relatively high strength of these alloys, segregation problems and low ductility are recognized as potential disadvantages. Thus, for low-temperature applications, Bi–Sn eutectic or near-eutectic compositions with or without additions of alloying elements are considered interesting possibilities. In this context, additions of third elements such as Cu and Ag may be an alternative in order to reach sounder solder joints. The length scale of the phases and their proportions are known to be themore » most important factors affecting the final wear, mechanical and corrosions properties of ternary Sn–Bi–(Cu,Ag) alloys. In spite of this promising outlook, studies emphasizing interrelations of microstructure features and solidification thermal parameters regarding these multicomponent alloys are rare in the literature. In the present investigation Sn–Bi–(Cu,Ag) alloys were directionally solidified (DS) under transient heat flow conditions. A complete characterization is performed including experimental cooling thermal parameters, segregation (XRF), optical and scanning electron microscopies, X-ray diffraction (XRD) and length scale of the microstructural phases. Experimental growth laws relating dendritic spacings to solidification thermal parameters have been proposed with emphasis on the effects of Ag and Cu. The theoretical predictions of the Rappaz-Boettinger model are shown to be slightly above the experimental scatter of secondary dendritic arm spacings for both ternary Sn–Bi–Cu and Sn–Bi–Ag alloys examined. - Highlights: • Dendritic growth prevailed for the ternary Sn–Bi–Cu and Sn–Bi–Ag solder alloys. • Bi precipitates within Sn-rich dendrites were shown to be unevenly distributed. • Morphology and preferential region for the Ag{sub 3}Sn growth depend on Ag content and Ṫ{sub L}. • Rappaz-Boettinger model reasonably estimated the experimental scatter of λ{sub 2}.« less
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                    Intermetallic growth and mechanical behavior of low and high melting temperature solder alloys

                    
                        Journal Article
                            Frear, D; Vianco, P - Metallurgical Transactions, A (Physical Metallurgy and Materials Science); (United States)
                            

                    The presence of an intermetallic is often an indication of good wetting in a solder joint. However, excessive intermetallic growth and the brittleness of the intermetallic layer may be detrimental to joint reliability. This study examined the growth and mechanical behavior of interfacial intermetallics between copper and six solder alloys commonly used in electronics assembly. The solder alloys tested were 60Sn-40Pb, 63Sn-37Pb, 95Sn-5Sb, 96.5Sn-3.5Ag, 50Pb-50In, 50Sn-50In, and 40In-40Sn-20Pb. The 50Sn-50In and 40In-40Sn-20Pb exhibited faster solid state growth of the intermetallic layer at 100 C as compared to the near-eutectic Sn-Pb control solder. The 50In-50Pb had a slower growth rate, relativemore » to 63Sn-37Pb, at the aging temperature of 170 C due to slower reaction rate kinetics of indium with copper. The 96.5Sn-3.5Ag and 95Sn-5Sb had similar intermetallic growth rates at 170 C and 205 C, and the aging was comparable to that of the 63Sn-37Pb alloy. The 95Sn-5Sb solder/copper intermetallic had a faster growth rate of the Cu[sub 3]Sn layer than was observed in the Sn-Ag or Sn-Pb alloys. Modified fracture toughness and low load indentation tests were used to characterize the mechanical behavior of the intermetallics. The intermetallics were harder than both the base metal and the solder alloy. The fracture behavior of the joints in tension was dependent upon the strength of the solder alloy. Solders with low strengths failed in the solder by plastic deformation. The failure of solders with higher strengths was dependent upon intermetallic thickness. When the intermetallic was thin, fracture occurred in the solder or at the solder/intermetallic interface. As the interfacial intermetallic thickened, the fracture path moved into the intermetallic layer.« less
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