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The joining of combined metallic and ceramic materials using ultrasonic energy is perspective to soldering. The quality of ultrasonic soldering depended on the physical fundaments of joining materials, soldering process parameters as well as the technological factors. The basic parameters of ultrasonic soldering are the peak amplitude elongation, frequency of ultrasonic wave and soldering time, basic materials of tip and solution scheme in all.  Mechanism of joint formation is approximate to mechanism of joint formation by vibration of friction, but difference is on the kinetics of various stages of joint formation. Ultrasonic vibrations soldering be apply in the electronically industry as well as in electronics packages within active and passive semiconductors elements.   

Now advanced materials packaging are using alumina or zirconia ceramics, AlN, Be/BeO and AlSiC composites for their superior properties, light weight and excellent stability, but joining these materials presents problems as fluxes, normally used to strip oxides can contaminate devices [1]. These features enable economic and compatible processing for electronic packaging joining by keeping processing temperatures low. Additionally, by eliminating premetallizing and chemical fluxes, processing costs are reduced. 

Active tin solder designed as S-Bond 220 were used for the low temperature ultrasonic joining of combined materials. S-Bond 220 alloy permit the joining of dissimilar materials at low temperature, without flux and in air. The low temperature joining (250 - 450°C) protects the packaged devices by lowering thermal exposure and by significantly reducing potentially damaging thermally induced stresses [2]. S-Bond 220 is a Sn-Ag based alloy which contains active elements including titanium and several proprietary elements to enhance the titanium activity. Sn-Ag-Ti alloy reacts with the tenacious surface films normally found on electronic packaging metals, ceramics and composites to create excellent bonds [3]. 

Using ultrasonic activation of Sn-Ag-Ti solder were prepared joints with ceramics to metal (Al2O3 to Stainless steel, Al2O3 to Copper) and semiconductor materials with metal (Germanium to Copper, Germanium to AlSi5, Silicon to Copper and Silicon to AlSi5). Soldering was made on the heat plate at 270 °C by ultrasonic wave with a frequency 40 kHz and a output power of 400 W (solder solution 5 sec.) on the air. All the soldered plates were grinding and mechanically polished and etched (tin matrix). The microstructure of the interface joined between the solder and the joining plate were studied with a scanning electron microscopy (SEM). The compositional profiles near the interface were also analyzed by energy dispersive X-ray diffraction (EDX). 

The matrix of solder consist small amount of Ag3Sn eutectic. Other secondary phases, basis of titanium or silver (Ti2Sn, Ti5Sn3, Ti6Sn5, AgCe and AgTi3) observe by X – ray phase analysis of Sn-Ag-Ti solder alloy [4]. On the interfaces of the soldering joints was observed by SEM a new massive phase and the reaction layer between ceramic and solder. At the reaction layer of ceramic/solder interface active element Ti react with the ceramic surface create to TiO2 layer, which on occur the heterogeneously nucleate other intermetallic phases.  The intermetallic phases such as Cu3Sn and Cu6Sn5 made on the copper surface. At the interface of tin solder to stainless steel is Ni3Sn4 phase dominant. At the interface between Ge to tin solder the heterogeneously nucleation of Cu6Sn5 phase was observed. These phases, typically Ni3Sn4 or Cu6Sn5 can nucleate on the other soldered surfaces of combined materials, but also in the massive Ti6Sn5 phase volume of solder. 

The Al2O3 specimens with the joints bonded by Sn-Ag-Ti solder were deformed in shear tension. The microstructure of fractured surface on the soldered specimens was analyzed by SEM. The shear strength of the Al2O3 joints is identically to that of the shear strength to standard presented by producer [5]. Fragmentation of reaction layer were observed on the interfacial surface between AlSi5 surface and solder. 

Soldering with active solders using ultrasonic activation makes possible to solder actually all types of ceramic materials and semiconductor materials mutually or in combination with metals without application of high-temperature activation [6]. 

However, at ceramic and non-metallic materials is necessary to apply the activation use of high-power ultrasound by follows:

a) low soldering temperature of about 270 °C, at cooling down from this temperature the formation of residual stresses is eliminated, 

b) soldering is performed in the air without flux,

c) soldering time is very short (in seconds),

d) cooling time is short, what prevents the formation of undesirable transition zones and erosion of parent metal, 
e) effect of ultrasonic waves on the strength of bonding interface of the Sn-Ag-Ti solder is small, because the interface bonded is stronger than the solder tin matrix in which the fracture occurs after the large plastic deformation.
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