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Lead-free interconnection technology is nowadays one of the most popular and fascinating 
subject of interest. This is because of both, the progressive miniaturization of electronic 
devices and the harmful effect of lead on the environment. European Commission published 
the Directive 2002/95/EC in 2003, which required that the new electrical and electronic 
equipment should be free of lead and other hazardous substances by 1st July 2006 [1]. 
Therefore, new solder materials are searched in the frame of the COST 531 action “Lead-free 
solder materials”. The demands for such a solder material are the high thermal stability 
combined with the low joining temperature. The goal can be reached by the employment of 
the joining process called diffusion soldering [2, 3]. The method applies low melting 
component (LM) to join the high melting (HM) substrates like copper or aluminum.  The 
procedure contains four stages: heating, dissolution, isothermal solidification and growth of 
intermetallic phases. As a result of the diffusion soldering one or more intermetallic phases 
are formed in the interconnection area which possess higher melting temperatures than these 
used for the fabrication of the joint. Thus the presence of the intermetallics in the equilibrium 
phase diagram LM-HM is the necessary condition which has to be complied. 
 
The aim of the study was to obtain and describe the diffusion soldered Si/Si interconnection 
by the application of the eutectic In-Sn alloy. The experimental procedure involved coating of 
a silicon wafer with a crystalline SiO2 layer over which a 50-100 nm thin Ti layer was sputter 
deposited. Silicon was used in conjunction with a SiO2 interlayer in order to reduce the 
capacitance and resistance of the interconnection in an integrated circuit. It has to be 
metallized with Cu to avoid deterioration of the device due to electromigration and stress 
voiding. Titanium as a diffusion barrier is necessary between Cu and Si or SiO2 because of the 
fast diffusion of the Cu atoms in Si and drift in SiO2. The Si wafer was coated with high purity 
copper and with a eutectic In-48 at.% Sn alloy. Then two pieces were put together under a 
pressure of 0.5 MPa, followed by heating up to 290 °C and holding at this temperature for 15 
minutes to accomplish the isothermal reaction of liquid In-Sn with solid Cu to form 
intermetallic compounds. The whole process is schematically shown in Fig. 1. A cross-
sectional samples prepared by dimpling and ion-beam thinning were examined using a Philips 
CM 20 Twin microscope equipped with an EDAX Phoenix energy-dispersive X-ray (EDX) 
spectrometer.  
 
The results should be analyzed taking into account the adequate equilibrium phase diagrams. 
The EDX analysis (Table 1) showed the presence of two intermetallic phases in the 
interconnection zone – namely: Cu2(In,Sn) (η) and Cu41(In,Sn)11 (δ).The melting points of the 
observed intermetallics are above 600 °C which makes them thermally stable. Because of the 
examined interconnections can be successfully applied in the microelectronics. The overall 
view of the η phase zone is presented in Fig. 2. The rectangles means the particular places 
from which the Selected Area Diffractions (SAD) were taken.  



 
 
 

 

 

 

 

Fig.1. The principle of Cu/Cu joint formation using a Si wafer and an interlayer. IP denotes 
the intermetallic phase(s). 

 

 
 
Fig.2. The overall view of the η phase, where the regions from which the Selected Area 
Diffractions were taken. 
 
Table 1 Result of the EDX analysis - the content of the Cu, In and Sn in at.% 
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# 1 2 3 4 5 6 7 8 9 10 11 
Cu 64.7 67.2 70.2 66.9 66.7 67.4 79.8 81.0 82.2 81.8 88.8 
In 16.9 15.1 13.6 16.4 14.8 16.6 8.9 10.0 9.2 8.6 6.4 
Sn 18.4 17.6 16.2 16.7 18.5 16.0 11.3 9.0 8.6 9.6 4.8 

Phase Cu2(In,Sn) (η) Cu41(In,Sn)11 (δ) Cu 
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