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Narrow-bandgap GeSn material system has emerged as a promising platform for efficient Si-based 

infrared photodetectors (PDs) for a wide range of applications [1]. The realization of high-quality, high 

Sn-content GeSn alloys using low-temperature growth techniques [2] has led to the development of 

GeSn-based PDs with extended photodetection range [3]. Here we present a study of the growth and optical 

characterization of GeSn/Ge multiple-quantum-well (MQW) structures on silicon for efficient PDs on 

silicon. 

 
Fig. 1. (a) Schematics of GeSn/Ge MQW structure and TEM image, (b) temperature-dependent 

responsivity of the device.  

 

    The samples used in this study were grown on silicon substrates using low-temperature molecular 

beam epitaxy, consisting a 200 nm thick Ge virtual substrate (VS) and ten pairs of Ge0.94Sn0.06/Ge quantum 

wells with a thickness of 17/20 nm. The samples were then fabricated into a vertical 

metal-semiconductor-metal PD using CMOS-compatible fabrication process for optical absorption 

measurements, as shown in Fig. 1(a). Figure 1(b) shows the measured temperature-dependent responsivity 

of the fabricated device. The cutoff wavelength is extended to~2000 nm due to the introduction of Sn in the 

well region. It is worth noting that, as the temperature decreases, the responsivity spectra become step-like, 

providing evidence of the quantization of energy states in the system. These results confirm the 

quantum-confirmation in the GeSn/Ge MQW for novel electronic and photonic applications.  
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