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1. Introduction 

Epitaxial Ge films on Si have been applied to near-infrared (NIR) photodetectors (PDs) for 
electronic-photonic convergence on a Si platform [1]. Post-growth annealing of Ge film is effective to reduce 
threading dislocations in Ge, leading to a reduction of dark leakage current [2]. In this work, effects of 
post-growth annealing are studied for thin-film (200 nm) Ge PDs on Si. As a result, the dark current is reduced 
similar to the thicker films (> 500 nm), while the responsivity is degraded for Ge annealed at the temperatures 
higher than 800°C probably due to the formation of SiGe alloy around the Ge/Si interfaces. 

 
2. Experimental 

Epitaxial layers of Ge with the thickness of 200 nm were grown on p+-Si wafers by ultra-high vacuum 
chemical deposition (UHV-CVD) with a two-step growth (370/600°C), followed by the growth of Si cap layer. 
After the growth, the samples were loaded into a furnace and annealed at high temperatures (700, 800, and 
900°C) for 30 min in N2. A phosphorous implantation was performed to form a top n-type layer. Al was 
deposited for the electrodes. Current-voltage (I-V) characteristics and normal-incidence responsivity spectra 
were measured at room temperature. 

 
3. Results and Discussions 

Figure 1 shows typical I-V characteristics for 200-nm-thick Ge PDs on Si (200 × 200 µm2) with different 
post-growth annealing temperatures. The post-growth annealing was found to significantly reduce the dark 
current: at the reverse bias of 1 V, ~100 mA/cm2 for as-grown (600°C) and 700°C, ~10 mA/cm2 for 800°C, and 
~2.5 mA/cm2 for 900°C. This is probably ascribed to the reduction of dislocations in Ge, as in the case for the 
thicker Ge (> 500 nm) [2,3]. However, the annealing degraded the responsivity of PDs, as in Fig. 2. Although 
the responsivity spectra were almost the same between as-grown and 700°C Ge, the responsibvity for 800°C was 
reduced into ~50%, and for 900°C, the responsivity was reduced by two orders of magnitude. The observed 
degradation is probably due to the diffusion of Si into Ge, forming a SiGe alloy. Although the annealing 
temperature of 900°C, slightly lower than the melting point of Ge (937°C), was used in the previous studies for 
thicker Ge films [2], a careful annealing is required in the case of Ge films as thin as 200 nm. 
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Fig. 1. Current density versus voltage characteristics 
for PDs (200 × 200 µm2) with different post-growth 
annealing temperatures. 

 
Fig. 2. Responsivity versus wavelength for 200×
200 µm2 device at 0.5 V. 
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