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Report:

Following the previous projects, the stress state of copper interconnect structures at
temperatures between 25 and 350 °C has been examined. The samples contained the
newest generation of metal stacks with ultra low-k material as dielectric. For all
experiments in the past the high angle (311) reflection was used as the accuracy of
XRD stress measurement directly depends on the diffraction angle. It showed up that
on the newest samples the intesity of this reflection was not high enough to enable a
correct data evaluation and the (111) reflection had to been chossen. The final data
evaluation showed that the measurement of the (111) is not suitable for further
measurements as the error of the stress data rises above the temperature dependant
signal in some cases. As a consequence only a rough characterization of the stress
temperature relation was possible.

The low intesity is a consequence of continous down scaling of interconnect structures.
For XRD measurements the decreasing structure height leads to a much lower
diffracting volume. Unfortunately the height reduction is strictly necessary to keep the
structures within a manufacturable aspect ratio.

The only possible solution is the enlargement of the structure array. The new litho
masks are already available and will be used in sample production for the next
experiments.

Even though the data quality only enables a rough comparison, some interesting, new
aspects and possible risks of the new materials could be derived from the last
experiments.



The room temperature stress state is very similar to low-k interconnect structures. With
rising temperature the tensile stress decreases faster in the ultra low-k dielectric,
although the exact slope cannot be determined. The zero stress temperature is lower. At
temperatures above 200-300°C, the stress starts to level in the compressive region.

For low-k and conventional dielectrics the stress leveling at high temperatures is
connected with the start of copper yielding. In the case of the ultra low-k samples the
temperature and the stress is in fact too low for copper yielding, so it is supposed, that
other mechanisms for stress relieve like plastic deformation of the dielectric are
important.

For device testing, there are several possible consequences.

For stress testing (temperature cycles) the higher slope of the stress means higher
mechanical load per cycle. Plastic deformation of the dielectric even more encourages
the formation of dielectric voids and interface delamination. Voids and delamination
cracks can form copper diffusion paths and may lead to electrical shortage failures.

For electromigration (EM) testing, the stress leveling observed at test temperatures
means that the maximum back stress, which is an important counterforce to
electromigration, is much lower. EM may be less retarded and in the worst case copper
extrusions and voids could be formed much more easily.
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