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    Abstract

        
            With the ever increasing awareness of the toxicity of Pb, significant pressure has been put on the electronics industry to get the Pb out of solder. This work pertains to the development and characterization of an alloy which is Pb-free, yet retains the proven positive qualities of current Sn-Pb solders while enhancing the shortcomings of Sn-Pb solder. The solder studied is the Sn-4.7Ag-1.7Cu wt% alloy. By utilizing a variety of experimental techniques the alloy was characterized. The alloy has a melting temperature of 217°C and exhibits eutectic melting behavior. The solder was examined by subjecting to different annealing schedules and examining the microstructural stability. The effect of cooling rate on the microstructure of the solder was also examined. Overall, this solder alloy shows great promise as a viable alternative to Pb-bearing solders and, as such, an application for a patent has been filed.
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                    Pb-free Sn-Ag-Cu ternary eutectic solder

                    
                        Patent
                            Anderson, I; Yost, F; Smith, J; ... 
                            

                    A Pb-free solder includes a ternary eutectic composition consisting essentially of about 93.6 weight % Sn-about 4.7 weight % Ag-about 1.7 weight % Cu having a eutectic melting temperature of about 217 C and variants of the ternary composition wherein the relative concentrations of Sn, Ag, and Cu deviate from the ternary eutectic composition to provide a controlled melting temperature range (liquid-solid ``mushy`` zone) relative to the eutectic melting temperature (e.g. up to 15 C above the eutectic melting temperature). 5 figs.

                        
                            
                            
                    

                    

                

            
        		
    
                                        
                                    
                                        	
            



                    Pb-free Sn-Ag-Cu ternary eutectic solder

                    
                        Patent
                            Anderson, Iver; Yost, Frederick; Smith, John; ... 
                            

                    A Pb-free solder includes a ternary eutectic composition consisting essentially of about 93.6 weight % Sn-about 4.7 weight % Ag-about 1.7 weight % Cu having a eutectic melting temperature of about 217.degree. C. and variants of the ternary composition wherein the relative concentrations of Sn, Ag, and Cu deviate from the ternary eutectic composition to provide a controlled melting temperature range (liquid-solid "mushy" zone) relative to the eutectic melting temperature (e.g. up to 15.degree. C. above the eutectic melting temperature).
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                    Lead-Free Solder Alloy

                    
                        Technical Report
                            Becka, G.
                            

                    Lead is a common component of solder alloys. Lead-(Pb) containing solder alloys are the predominant solders used in the assembly of electronic hardware. Lead from processing wastes and the discard of spent electronic hardware are sources of Pb contaminating the environment. Since lead is a toxin, various governments and industry leaders are investigating controls and alternatives to use of lead-containing solder alloys. One alternative is to use a Pb-free solder alloy. Johnson Manufacturing has gained a license to produce a recently patented Pb-free solder alloy, Sn-4.7Ag-1.7Cu (wt%). Johnson Manufacturing and AlliedSignal Federal Manufacturing and Technologies (FM&T) teamed to investigate themore » manufacturability and reliability of this solder alloy. There are a several new lead-(Pb) free solder alloy candidates. None are drop-in replacements for the commonly used Sn63Pb37 or Sn60/Pb40 solder alloys. Lead-free alloys have higher melting temperatures, different flow characteristics, and different thermomechanical properties. The molten pot life is also suspect. The tasks within this project attempted to determine processing and reliability issues in substituting Sn-4.7Ag-1.7Cu Pb-free alloy for Sn63Pb37 or Sn60Pb40solders. Both companies will benefit from the project. Johnson Manufacturing will be able to fine-tune the alloy and present manufacturing data to market this licensed solder alloy. FM&T will gain production and reliability data with a Pb-free solder alloy. The partnership between Johnson Manufacturing and FM&T will be advantageous because it brings together a company with the capabilities to manufacture solder in various forms and a user of the solder alloy, who is dependent upon a reliable and repeatable product.« less
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                    Development of Sn-Ag-Cu-X Solders for Electronic Assembly by Micro-Alloying with Al

                    
                        Journal Article
                            Boesenberg, Adam; Anderson, Iver; Harringa, Joel - Journal of Electronic Materials
                            

                    Of Pb-free solder choices, an array of solder alloys based on the Sn-Ag-Cu (SAC) ternary eutectic (T eut = 217°C) composition have emerged with potential for broad use, including ball grid array (BGA) joints that cool slowly. This work investigated minor substitutional additions of Al (<0.25 wt.%) to Sn-3.5Ag-0.95Cu (SAC3595) solders to promote more consistent solder joint microstructures and to avoid deleterious product phases, e.g., Ag3Sn “blades,” for BGA cooling rates, since such Al additions to SAC had already demonstrated excellent thermal aging stability. Consistent with past work, blade formation was suppressed for increased Al content (>0.05Al), but the suppressionmore » effect faded for >0.20Al. Undercooling suppression did not correlate specifically with blade suppression since it became significant at 0.10Al and increased continuously with greater Al to 0.25Al. Surprisingly, an intermediate range of Al content (0.10 wt.% to 0.20 wt.% Al) promoted formation of significant populations of 2-μm to 5-μm faceted Cu-Al particles, identified as Cu33Al17, that clustered at the top of the solder joint matrix and exhibited extraordinary hardness. Clustering of Cu33Al17 was attributed to its buoyancy, from a lower density than Sn liquid, and its early position in the nucleation sequence within the solder matrix, permitting unrestricted migration to the top interface. Joint microstructures and implications for the full nucleation sequence for these SAC + Al solder joints are discussed, along with possible benefits from the clustered particles for improved thermal cycling resistance.« less
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                    Improving fatigue life in near-eutectic Sn Pb solders

                    
                        Technical Report
                            Summers, T
                            

                    Due to technical advances in packaging technology, solder joint thermal shear fatigue failures pose reliability concerns and limit current packaging designs in the electronics industry. Past work has shown that thermal fatigue failures, as well as isothermal fatigue and creep failures, in the commonly used near-eutectic Sn-Pb solders are preceded by the formation of a band of coarsened material. Examination of crept and fatigued eutectic solder joints shows that shear deformation concentrates along relatively soft heterogeneities, the eutectic grain and colony boundaries, in the as-cast microstructure which happen to line up into long straight bands parallel to the applied shearmore » strain. Improvement of the fatigue properties requires an elimination or, at least, a reduction in the length of these long straight boundaries. Several methods of doing that are proposed. These methods basically fall into two groups: one involving homogenization of the as-cast microstructure aimed at eliminating these heterogeneities and the other involved with breaking up the as-cast microstructure in such a way that long straight boundaries do not form parallel to the direction of shear. To study the effect of homogenization of the microstructure, room temperature aging of solder joints was studied. Softening was found to occur over a period of about 40--50 weeks levelling off at about 70--75% of the initial strength (31 MPa). The effect of breaking up the as-cast microstructure was studied by comparing various off-eutectic alloys. The alloys studied consisted of Pb with 40 and 50 wt. % Sn in addition to the near-eutectic 63Sn-37Pb alloy. In addition, the Pb-rich 20Sn-80Pb and 5Sn-95Pb alloys were studied in fatigue at 75{degrees}C. 170 refs., 62 figs.« less
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