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Introduction 
Nowadays Field Effect Transistors (FETs) has a significantly wide 
range of application in electronic devices. In this case, higher 
performance types of FETs are required. The structure of the FET and 
using materials, are very important. For the structure, scaling the size 
and increase the number of gates can significantly improve the 
performance. However, dopant impurities affect the carrier mobility. To 
solve problems caused by scaling, core/shell structure nanowires (NWs) 
was appeared to our sight[1]. We decided to use undoped Ge as a core 
and Boron-doped Si as a shell. The mobility of Ge is greater than Si, so 
we chose Ge as the core. On the other hand, there are energy band-
offsets between Ge and Si and the trap-shaped structure will be formed 
in the heterojunction. Depending on the Fermi level position, hole gas 
can be accumulated in the quantum well [2]. (Fig.1) 
In this study, we focused on top-down method to fabricate vertical type 
Ge/Si core/shell NWs and demonstrate hole gas accumulation in the 
NW as evidence of successful fabrication. 

Experimental section 
500~600 nm Ge layer were deposited onto p-Si substrate by Chemical 
Vapor Deposition (CVD). Then the Ge layer was covered by a resist 
layer using spin coating and patterns with five kinds of different 
diameters were formed by EB lithography. MgO layers were then 
deposited on to the resist as a mask. After lifting off the mask, we 
performed Bosch Etching to remove the area without MgO to form 
NWs. The NWs were loaded into CVD chamber again to form i-Ge 
shell and p-Si shell. (Fig.2) 

Results and discussion 
SEM observation and Raman spectra analysis were used to 
characterize the fabricated structure and demonstrate hole gas 
accumulation. The SEM images showed the comparison between 
before & after the shell formation (Fig.3). The Raman result showed 
the change of Ge peak position after the shell formation. The reason is 
the stress effect caused by the different lattice constants between Ge 
and Si crystals. The Ge optical phonon peak also showed asymmetric 
broadening due to the Fano effect. We fitted the Ge optical phonon 
peak by using Fano equation[3] and analyzed the Fano parameters of q 
and Γ. As a result, we successfully demonstrated the hole gas 
accumulation in the i-Ge region of the i-Ge/p-Si core/shell NWs. 
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