Influence of a Dielectric Surface on Laser Drilling Micro-holes in Single Crystal Germanium
at 1070nm wavelength using Millisecond Pulse Widths
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Laser pulses are used for machining metals and hard-to-machine materials such as superalloys. They are also
utilised for fabricating via holes in semiconductor materials, for use in atom chips for cold atom quantum
sensors [1], the thru vias of solar cells [2] and, more generally, as an alternative to semiconductor
manufacturing techniques such as plasma etching, which requires complex gas-handling equipment and
corrosive, high purity gases. In this paper, millisecond-long, single pulses in an air environment are shown to
be successful for drilling germanium, in addition to other semiconductor substrates [3, 4]. This shows that a
new regime of laser pulse parameters can be used, not only to machine micro/nano-structures on the
semiconductor surface [5] but to create circular thru holes with diameters of hundreds of microns, generated
by the melt-ejection material removal mechanism rather than ablation by vaporisation.
A 1070 nm wavelength Ytterbium fibre laser was used to drill micro-holes into single-crystal, 170 µm thick
germanium wafer with epitaxial dielectric grown on the rear surface, using (1-10) ms pulses and powers of
(300-1500) W. Hole shape, size, and the extent of micro-cracking were characterised by optical microscopy.
Results for drilling onto the germanium surface and the dielectric surface were compared. For the majority of
pulse powers and drilling from either side, longer pulses gave a higher exit/entrance ratio. It was found that
laser micro-drilling onto the dielectric produced thru holes at lower pulse energies and gave a larger
exit/entrance ratio of the hole diameter. Drilling onto the dielectric side gave the most cylindrical hole shapes,
i.e. the exit/entrance ratio was closer to 1. The sphericity (ratio of the diameters in perpendicular directions)
showed a clear trend as a function of pulse power for the entrance holes, but was less predictable and had a
larger standard deviation for the exit holes. The dimensions of the holes were successfully controlled by
varying the power and duration of the pulse and achieved dimensions in the range (90-520) µm.
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