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The development of silicon photonics has made breakthroughs in the heterogeneous epitaxy of 
components such as light sources, waveguides, and photodetectors on silicon substrates 
increasingly important [1]. In this study, an unbalanced magnetron sputtering gun was 
employed to extend the plasma region toward the substrate, facilitating the ionization of 
germanium atoms for epitaxial growth. nc-AFM surface morphology images of single-crystal 
germanium thin films are presented in Figures 1a–1d, corresponding to the optimized process 
parameters for (a) target-to-substrate distance, (b) sputtering power, (c) epitaxial temperature, 
and (d) valve opening. A notable increase in grain size is observed with the optimization of 
each individual parameter. Figure 1e summarizes the surface roughness of the samples. With 
the optimization of process parameters, the overall surface roughness (Rq) remains below 1 
nm. The low-defect and smooth surface is beneficial for subsequent epitaxial processes. Figure 
1f shows the XRD Omega scan, where the full width at half maximum (FWHM) rapidly 
decreases with the optimization of process parameters, indicating excellent single-crystal 
quality of the epitaxial germanium films. This study confirms the quality of the single-crystal 
germanium films using nc-AFM, providing a promising epitaxial process for future silicon 
photonics applications. 

 
Figure 1. (a-d) nc-AFM surface measurement, (e) summary of surface roughness, (f) XRD 

crystallization measurement. 
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