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In recent years, germanium tin (Ge0.9Sn0.1) group-IV semiconductor materials attracted interest as promising
candidates for inclusion in optoelectronic devices. They provide a possible route for realising direct-bandgap
semiconductors with increasing Sn content [1], potentially allowing to create LED in a non iii-v semiconductor
materials. With the continuing demand for miniaturisation in modern electronic devices, there is a linked
demand for new characterisation techniques operating in the nanoscale regime.

Here we show that by combining an Ar-ion cross-sectioning technique and a customised scanning probe
microscopy (SPM), one can extract and explore the electrical properties of the subsurface Ge0.9Sn0.1
structures with a resolution of ~30 nm. This high spatial resolution current mapping is needed to fully
understand the nanoscale mechanisms of electrical transport these complexly structured semiconductor
nanostructures and assist in the development of new electronic nano-devices.

Beam-Exit X-section Polishing (BEXP) [2], Fig. 1 (a), was used to form high quality cross sections of the
layered Ge0.9Sn0.1 samples enabling direct access with scanning spreading resistance microscopy (SSRM)
electrical mapping. Our SSRM is based on a conventional SPM system (Bruker Multimode with Nanoscope
4a), with a highly-electrically conductive diamond probe and custom probe-signal pre-amplifier and signal
access capabilities. The setup enabled the measurements and interpretation of the nanoscale electrical
transport properties and mapping of spreading resistance of the subsurface layers under ambient environment
conditions.

In this paper we report nanoscale measurements on 100 and 200 nm layer of Ge0.9Sn0.1 on the gradient Ge
virtual substrates (GeVS) MBE grown on the Si wafer. We obtained SSRM images, as well as captured (I-V)
curves with and without illumination.

The annealing of the GeVS allowed low density of the defects immediately under the top GeSnx layer. SSRM
allowed to observe that subsequent annealing step of the total structure provide notable variation of the
conductivity of the GeSnx layer, as well as to uncover the high defect density layer of the GeVS immediately
above Si substrate. These were confirmed by the concurrent nanomechanical mapping via ultrasonic force
microscopy (UFM). In conclusion, combination of precise sectioning via BEXP and subsequent SSRM imaging
that was demonstrated for the first time in this paper, will be a powerful tool for the investigation of the
multilayer semiconductor heterostructures.
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Fig 1. (a) BEXP cross section which produces a shallow angled (5 — 15 °) cut through the sample, and enables
subsurface SPM measurements [3], (b) scanning spreading resistance microscopy (SSRM) image of the tip-

material conductance, (c) composite image with fixed AC voltage (1Vpp) with different DC offset as indicated
on the left of the image, (c) I-V curves taken at points in (b), (e) dI/dV of (d).
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