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Solder joints in space-grade electronics are subjected to prolonged thermal cycling and
high-vacuum environments that progressively degrade their microstructural and
mechanical integrity, making the ageing behavior of candidate solder alloys a key factor in
component qualification. This work presents a comparative micro- and nano-scale
characterization of three solder systems: the leaded alloys InPb/Au and SnPb/PtAu, and
the lead-free alternative SAC305 (96.55n/3.0Ag/0.5Cu). Samples were subjected to
accelerated ageing under variable temperature and pressure, including high-vacuum
conditions, and analyzed via Opto-Digital Microscopy, Scanning Electron Microscopy, and
high-resolution X-ray Microscopy to track morphological, volumetric, and compositional
evolution. InPb/Au joints exhibited pronounced volume shrinkage accompanied by the
formation and propagation of silvery and black intermetallic compound (IMC) rings;
activation energies were determined as 0.38-0.41 eV for the shrinkage process and
0.21-0.45 eV for IMC growth, enabling calculation of acceleration factors for long-term
reliability prediction. SnPb/PtAu joints, conversely, exhibited high chemical-physical
stability, with no measurable change in volume or morphology after up to 1500 hours of
ageing and only limited, localized tin-whisker growth. SAC305 joints on ENIG substrates
similarly retained structural integrity after 500 hours of ageing at temperatures up to 125
degrees C under both atmospheric and high-vacuum conditions, with no significant
volume loss, IMC propagation, or whisker formation detected. These results establish a
quantitative reliability benchmark between conventional leaded solders and a lead-free
candidate, providing a basis for materials qualification in next-generation space and
aerospace electronic assemblies.



