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ABSTRACT Metallization interconnects in microelectronic integrated circuits usually fail during
fabrication and long-term service under electrical, mechanical, or thermal field and coupled multi-field
of them, such as electromigration (EM) failure induced by direct current, stress—induced voiding (SIV)
damage and thermal fatigue under thermal cyclic strain, which affect the reliability of the interconnects.
Although EM and SIV have been actively investigated for several decades, there is limited work on
thermal cyclic strain-induced thermal fatigue behaviors of thin metal films, which are becoming a
more and more important reliability issue. In this work, the failure behavior of the 200 nm—thick Au
thin films was studied through applying thermal cyclic strain generated by alternating current. The
total thermal cyclic strain was determined from the temperature distribution along the Au line with a
width of 6 um according to the experiment measurement and theoretical calculation. It was found that
the grain size in the Au thin films increased inhomogenously and the damage along grain boundaries
resulted in the fatal failure of the Au line in the condition of Ae <0.35% after 5x10% cyc. Based on
the experimental observations, thermal fatigue and mechanical fatigue failure behaviors were analyzed
comparatively, and the basic mechanisms were discussed.
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Fig.2 Temperature distribution along Au interconnect line
after electrified alternating current for 1 h (a), and
variation of Ag in the centre of Au interconnect line
with time (b)
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Fig.3 SEM image of the damaged region of 200 nm thick and 6 um wide Au interconnect line after electrified

alternating current for 5x 106 cycles (a) and back-scattering electron image of the area denoted by frame in

Fig.3a (b)
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