Non-destructive assessment of lead-free SAC305 solder joints evolution
under space relevant ageing conditions, with an outlook on the thermal
behaviour of FLG-doped technopolymers

Space is expected to have a pivotal role in human activity in the near future, and this will bring
with it a continuous demand for higher production and innovation in the materials field. Alongside
the crucial requirements of reliability and long-term stability, new ones are becoming equally
important: shorter production times, lower costs, sustainability, and material and system
efficiency. Within this framework, the present work addresses two themes that are crucial for the
space sector, namely the sustainability issue connected with the widespread use of lead-based
solders, and the need for lighter yet functional materials.

The larger part of the work concerns solder joints, which provide the mechanical, electrical, and
thermal connection between components and substrates, and at the same time represent one of
the most failure-sensitive regions in electronic assemblies. While commercial electronics has
largely moved towards RoHS-compliant lead-free technologies, space electronics still relies on
lead-based heritage solutions, and the need to comply with European regulations will become
increasingly stringent, making the identification of valid greener alternatives unavoidable. SAC305
solder joints were therefore produced by Laser Solder Placement on an ENIG finish and subjected
to isothermal, thermal cycling, and vacuum ageing protocols, in order to assess their long-term
stability and reliability in terms of volume, morphology, intermetallic compound growth, elemental
redistribution, and tin whisker formation. Particularly relevant from an industrial standpoint, the
characterisation phase relied entirely on non-destructive techniques (ODM, SEM-EDS and XRM)
applied repeatedly to the same specimens which, as a complement to destructive physical
analysis, may allow a more precise and more efficient assessment of joint evolution. The
preliminary results are positive and encouraging, with limited intermetallic compound growth and
negligible tin whisker formation across all ageing conditions.

A second, shorter part of the work concerns technopolymers (PEEK) doped with few-layer
graphene, addressing the key design driver of mass reduction whilst maintaining functional
properties. The aim is to establish an industrial route to a space-qualified technopolymer with
tailored electrical and, in particular, thermal properties, with a view to thermal management
applications. The material was applied as a functional coating onto a 3D-printed PAEK substrate,
and preliminary results obtained by the laser-flash method show an increase in through-plane
thermal diffusivity and conductivity of over one order of magnitude with respect to the uncoated
substrate.



